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ABSTRACT 

OP 

PREFACE TO THE FIRST EDITION. 


In a leading article on educational Engineering Treatises, which 
appeared lately in a well-known journal, the following remarks, 
amongst others, struck me as being very suggestive to any 
one engaged in the preparation of' a Text-Book for Students, 
and as well worthy of attention :— 

“ We are convinced that all the instruction contained in a 
great number of the engineering books already published, could 
be printed much more simply and concisely, and also much 
more lucidly, if authors sought only to impart their knowledge 
with the greatest brevity, without thinking at all of displaying 
their own learning or seeking to make a thick volume. . . . 

There is too much paste and scissors work, too much book¬ 
making and padding nowadays. ... A considerable number 
of engineering books are so learned as to be quite over the 
heads of most students. Many more are so verbose, so laden 
with abstruse formulae, letters, and diagrams, that the solution 
of the simplest question involves hours of time that can ill be 
spared from other work. It is no doubt true, that many 
'engineering questions demand elaborate writing to give a precise 
answer with mathematical exactness; but in the majority of 
engineering practice, absolute exactness of such a nature is not 
necessary, and if a useful approximation will amply suffice, and 
is readily obtainable in some simply written book, that is the 
one that will be adopted.” a 

The object, therefore, aimed at in the following pages, was the 
production of such a “ simply written book ” as should not be 
above the heads of my readers, but should bring the information 
desired, step by step, within their grasp. Whether I have 
succeeded in accomplishing this object, is a question which, of 
course, must be decided by those competent to judge. 

It is designed to be an easy introduction to Professor 
Rankine’s well-known treatise on The Stedgi Engine, and to 
Mr. Seaton’s practical and highly appreciated Marntal of Marine 
Engineering, both issued by the publishers of the present 
volume. 


i L 


ANDREW JAMIESON. 



PREFACE 

TO THE FIFTEENTH EDITION. 


The whole of the Fourteenth Edition has been carefully 
revised, whilst the questions at the end of each lecture have 
been worked out by the author’s “Engineering Correspondence 
Students” and duly cheeked. 

The 1905 Examination Papers of The Institution of Civil 
Engineers on “ The Theory of Heat Engines,” Stages II. and 
III. of the 1905 Board of Education Papers on “Steam,” as 
well as the 1905 Mechanical Engineering Questions of The 
City anfl Guilds of London Institute relating to “ The Theory 
of Steam Engines and the Thermodynamics of Steam ” have 
been included under Appendix D. 

In Appendix E, Lectures XIII., XVI., and XX. have 
been extended to include a special plate and description of 
the new “Cipollina” duplex indicator, whereby simultaneous ( 
diagrams are obtained from each end of a cylinder; a com¬ 
plete, detailed, illustrated description of the most economical 
steam engine on record; plates of Corliss engines; a table of 
some of the best and most reliable results of non-condensing, 
compound, triple-expansion engines, and recent steam turbine 
trials. These additions now bring this book up to a total 
of 816 text pages, with 26 preliminary pages. 

I have much pleasure in thanking those firms who kindly 
gave me drawings and data, my engineering correspondence 
students for hints, and, more especially, Mr. John .Ramsay, 
Assoc.M.Inst.Q.E., for his help in preparing this Fifteenth 
Edition for the prlss. 


16 Rosslyn Terrace, Kelvinside, 
Glasgow, January, 1906. 


ANDREW JAMIESON. 
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PREFACE 


The moat economical quadruple-expansion marine engines 
and their boilers, together with their appliances for induced 
draught, superheating, jacketing, and draining—which led to 
their unsurpassed economy of less than one pound of coal per 
I.H.P.-hour—have been very fully illustrated. 

The latest forms of boilers, engines, and condensing plants 
for up-to-date Electric Light and Power Installations have bfen 
depicted and described. 

The causes of, and remedies fot, corrosion in marine con¬ 
densers and boilers have been discussed. 

Two new Lectures (XXVI. and XXVII.) have been specially 
written upon the latest and best Steam Turbines for land and 
marine purposes, with a mathematical explanation of their steam 
consumption. These lectures, together with the latest available 
information on superheaters, will, it is hoped, prepare engineer¬ 
ing students for the rapidly-coming change in the propulsion of 
vessels and the driving of Electric Power Plants. * 

At the end of each lecture there has been given a number 
of Questions in the order of treatment, as well as selected 
Examples from the Board of Education, City and Guilds 
of London Institute, and other sources, to enable teachers to 
Jest with a minimum of trouble how far their students under¬ 
stand the subject. Further, every question which has yet 
been set by The Institution of Civil Engineers on “The 
Theory of Heat Engines” for their Associate Membership will 
be found in Appendix A. These questions have been arranged 
in the order of their dates under the respective lecture numbers. 

The latest (1904) Board of Education “ Steam,” and the City 
and Guilds of London Mechanical Engineering Questions on 
“Steam Engines” will be found in Appendices B and C. 

In Appendix D extracts from the present 1904 Buies and 
Syllabus of the Institution of Civil Engineers are printed as 
a guide to intending candidates for admission«as Associate 
Members. Also, the questions set at the Fef|., 1904, Examina¬ 
tions upon “The Theory of Heat Engines" have been given 
as an example of these well-conducted “ Examinations for the 
Profession.” 



PREFACE. 


ix 


Each source of information to which the author is indebted 
has been duly acknowledged where it occurs. Lists of the best 
and latest papers read before The Institutions of Oivil and 
Mechanical Engineers, <fcc., and many of the latest books upon 
the different sections have been given by footnotes, so that 
.students may have little difficulty in extending their knowledge 
beyond the scope of this book. 

I have much pleasure in thanking the several engineers and 
firms who kindly gave me information, drawings, and special 
blocks or plates. I have also to thank my chief assistant, 
Mr. John Ramsay, for his help in the preparation of this new 
Fourteenth Edition. 

ANDREW JAMIESON. 

16 Rosslyn Terrace, Kelvin side, 

Glascow, October, 1904. 
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SYMBOLS, ETC. 


ADDITIONAL SYMBOLS AND ABBREVIATIONS. USED IN 

THIS STEAM BOOK. 


B.T.U. for Britishrfchermal units. 

c ,, Clearance volume. 

C v ,, Calorific value. 

E, E f „ Evaporation factor. 

E, ,, Internal energy. 

h ,, heat any (sensible) small 
quantity. 

H, H t ,, Total heat of evaporation. 

H b ,, Heat (external) or work 
done during evapora- 
, tion. 

H r „ Heat (internal) or work 
done during evapora¬ 
tion. 

H sa ,, Heat units per lb. of 
saturated steam 
H gu ,, Heat units per lb. of 
superheated steam. 

Ho-,, Heat (specific) of steam. 

J ,, Joule’s mechanical equi¬ 
valent of the unit of 
heat. 

L „ Latent heat of steam. 

p ,, Pitch of rivets in joints. 

p b ,, Pressure (back) in lbs. 
per sq. in. 

p m „ Pressure (mean) in lbs. 
per sq. in. 

P ,, Pressure (total). 

P s „ Pitch of a screw pro¬ 
peller. 

Q ,,* Quantity of heat. 
d Q ,, Minute quantity of heat. 


r for Ratio of expansion; radius 
of crank-pin circle. 
r.p.m. „ Revolutions per minute. 

S, 8 ,, Sensible heat; Slip of screw 
propeller ; Speed of 
piston. 

8 S „ Shearing strength of j? vets 
per sq. in. 

Sj ,, Tensile strength of plates 
per sq. in. 

t ,, Thickness. 

If ,, Temperature of feed. 

t m ,, Superhoat at steam chest 
in degrees Fah. 

t°, tf ,, 'Temperature in degrees. 

t ,, Absolute temperatures. 

T ,, Travel of slide valve. 

T s ,, Thrust of a screw pro¬ 
peller. 

n ,, Units of heat as a suffix— 
e.g. 9 10 u = ten units. * 

V ,, Velocity. 

V 8 ,, Volume of 1 lb. of dry 
steam. 

V l0 „ Volume of 1 lb. of water. 

V,.,. »> Volume of 1 lb. of wet 
steam. 

W ,, Work done, load or 
weight. 

W 8a Weight of saturated 

steam. 

W u ,, Weight of superheated 
steam. 

o* Angles, ^1- 
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MECHANICAL ENGINEERING SYMBOLS, ABBREVIATIONS 

AND INDEX LETTERS 

USED IN PROFESSOR JAMIESON’S “ APPLIED MECHANICS 
AND MECHANICAL ENGINEERING ” AND 

“STEAM” BOOKS. 


F 


Prefatory Note. —It is very tantalising, as well as a great 
inconvenience to Students and Engineers, to find so many 
different symbol letters being used for denoting one and the 
same thing by various writers on mechanics. It is * a pity, 
that British Civil and Mechanical Engineers have not as yet 
standardised their symbols in the same way that Chemists and 
Electrical Engineers have done. The Committee on Notation 
of the*Chamber of Delegates to the International Electrical 
Congress, which met at Chicago in 1893, recommended a set 
of u Symbols for Physical Quantities and Abbreviations for 
Units,” which have ever since been (almost) universally adopted 
throughout the world by Electricians.* This at once enables 
the results of certain new or corroborative investigations and 
formulae, which may have been made and printed anywhere, 
to be clearly understood anywhere else, without having to 
specially interpret the precise meaning of each symbol letter. • 

In the following list of symbols, abbreviations and index 
letters, the first letter of the chief noun or most important 
word has been used to indicate the same. Where it appeared 
necessary, the first letter or letters of the adjectival substantive 
or qualifying words have been added, either as a following or 
as a subscript or suffix letter or letters. For certain specific 
quantities, ratios, coefficients and angles, small Greek letters 
have been used, and I have added to this list the complete 
Greek alphabet, since it may be refreshing to the memory of 
some to again see and read the names of these letters, which 
were no doubt quite familiar to them when at school. 

* These “ SyAbols for Physical Quantities and Abbreviations for Units” 
will be found printed tn full in the form of a table at the commencement 
of Munro and JamiSson’s Pocket-Book of Electrical Buies and Tables . If 
a similar recommendation were authorised by a committee composed of 
delegates from the chief Engineering Institutions, it would be gladly 
adopted by “The Profession” in the same way that the present work of 
11 The Engineering Standards Committee” is bemg accepted. 
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SYMBOLS, ETO. 


Table of Mechanical Engineering Quantities, Symbols, Units 

and their Abbreviations. 

(As ueed in Prqf. Jamieson’s “ Applied Mechanics ” and “ Steam* Books.) 


Quantities. 


Symbols. 


Fundamental. 
Length, . 

Mass. 

Time, 

Geometric. 

Surface, . 

Volume,. 


Angle, 


Mechanical. 

Velooity, 

c. 

Angular velocity, 
Acceleration, . 


Force, . 

Pressure (per unit 
area), 

Work, . 

Potential energy, . 
Kinetic energy, 

Power or activity, . 
Moment of inertia,. 

Density,. 


L, l 

M, m 
T,t 


S, 8 


US} 


a,g 


*v 

W,w 


( Wh) 

E P 


Defining 

Equations. 


Practical Units. 


Ilia 

l,P e 


arc 

radius 


Yard, . 
Foot, . 
Inch, . 
Pound,. 
Second, 
Minute, 
Hour, . 


Square foot,. 
Square inch,. 
Cubic foot, . 
Cubic inch, . 

( Degree, 
Minute, 
Second, 

Radian = 

7T 



. lb. 

. s. 

. m. 

. h. 

• sq. ft. 

. sq. in. 

. CD. ft. 

S cb. in. 
. 1 ° 

. 1' 

. r 


Foot per second, . 

8. 

Revs, per second,. r.p.s 
Revs, per minute. 
Radiansj>er second, 

Foot per sec. persec. 

Pound weight 1 
(gravitational > 
unit), ) 



lb. wt. 
(or lb.) 


P = 
Wh = 

Ep = 

E k = 
H.P. = 


Ma 

F 

s 

FL 
Wh 
Wv 2 

2 9 
Wh 
T 

Ml* 


\ - / * / 

f Poundal (absolute 
{ unit), } P dl ' 

Pound per sq. inoh, lb. d* 


Foot-pound,. 
Foot-pound,. 


ft.-lb. 
ft.-lb. 

ft.-lb. 


M 

p = v 


Foot-pound,. . ft.-lb. 

Hor^e power, . H.P. 

Ft.-l'j. per min., . ft.-lb./m. 
Ft.-lb. per sec., . ft-lb./s. 
••• ••• lb.*ft.® 

Pound per cb. ft.,. 

it 

Pound per ob. in.,. 
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OTHER SYMBOLS AND ABBREVIATIONS IN VOLS. I. AND IL 


A for Areas. 

B, b „ Breadths. 

C, c, k ,, Constants, ratios. 

o.g. „ Centre of gravity. 

D, d „ Diameters depths, de¬ 
flections. 

Di, D a , D 8 „ Drivers in gearing. 

o E „ Modulus of elasticity, 
e „ Velocity ratio in wheel 
gearing. 

Fi, „ Followers in gearing. • 

/„ ii Forces of shear and 
tension. 

H, A „ Heights, heads. 

H.P.,h.p. „ Horse-power. 

B.H.P. ,, Brake horse-power. 

E.H.P. „ Effective „ 

LH.P. „ Indicated „ 

l Radius of gyration, or, 
lc „ < Coef. of discharge in 
( hydraulics. 

N, n „ Numbers—e.y., num¬ 
ber of revs, per min., 
number of teeth, &c. 

P, Q „ Push or pull forces. 

RiR, „ Reactions, resultants, 
radii, resistances, 
f Seconds, Bpace, sur- 
1 face. 

M J Displacement, dis - 
( tance. 

SF ,, Shearing force. 

T M „ Torsional moment. 

TR ,, Torsional resistance. 

BM „ Bending moment. 

MR yj Moment of resistance. 

RM „ Resisting moment. 

Td, T, „ Tensions on driving 
and slack sides of 
belts or ropes, &o. 

W L ,W T , W u „ Lost, total, and useful 

work. 


x 9 y, z for Unknown quantities. 

Z „ Modulus of section. 

Zt ,, ,, tension. 

Z fl „ „ compression. 


$, d for Differential signs which are 
prefixed to another letter j 
then the two together re¬ 
present a very small 
quantity. 

e ,, Represents base of Naperian 
Logs=2*7182; for example, 
log, 3 = 1*1. 

v ,, Efficiency. 

X „ Length ratio of ship to model. 

jul „ Coefficient of friction. 

7 T „ Circumference of a circle-fits 
diameter. 

p ,, Radius of curvature, radian. 


2 for Symbol for sum total of a 
number of quantities. 

f* ,, Sign of integration or sum¬ 
mation between limits 0 
and x . 

„ Sign for the difference be¬ 
tween two quantities. 

D „ Sign for square— e.g , 9 10 o*sa 
10 square inches. _ 

— „ Sign over two letters, PQ, 
for a force acting from P 
to~>Q, means that they 
represent a vector quantity, 
which has ( 1 ) magnitude, 
(2) direction, (3) sense. 

7 ,, Sign for equal to or greater 
than. 

^ „ Sign for equal to or less than. 


GREEK ALPHABET. 




Alph% 

1 

t 

B 

p 

Beta. 

K 

K 

r 

V 

y 

Gamma. 

A 

X 

A 

i 

Delta. 

M 


B 

9 

Epsilon. 

N 

V 

Z 

l 

Zeta. 

S 

z 

H 

V 

Eta. 

0 

0 

e 

9 

Theta. 

n 

7T 


Iota. 

P 

P 

Rho. 

Kappa. 

Lamoda 

2 

<r or 

« Sigma. 

T 

T 

Tau. 

Mu 

r 

U 

Upsiiou 

Nu 

* 

0 

X 

Phi. 

XL 

X 

Ohi. 

Omicron 

¥ 

£ 

Psi. 

PL 

U 

tn 

OmSga. 
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temperature. He suspended them within. a short distance of 
each other in a room which remained at a uniform temperature 
of about 47° F. He observed that in one half-hour the water 
increased in temperature by 7°F., but that it took twenty half- 
hours for the whole of the ice in the other flask just to become 
• melted, and he reasoned thus—that from the time required the 
amount of heat which had entered the ice must have been twenty 
times as much as that which entered the water. He, therefore, 
computed that the latent heat of water must be 7 x 20 (half- 
hours) = 140. 

Another experiment of Black’s was that of placing a lump of 
ice in an equal weight of water at 176° F., with the result that 
when the whole of the ice had melted, the temperature was no 
greater than that of water just ready to freeze. Therefore, 
assuming the final temperature of the mixture to have been 
33° F., we have 176 - 33 = 143, as the amount of heat required to' 
melt the ice, or the latent heat of water. 

In this estimate he was very near the truth; for, even at the 
present day the mean results of some of the best experimenters 
appears to be, that 143 British thermal units of heat are absorbed, 
or become latent, in the conversion of 1 lb. of ice into water at 
the Bame temperature; and, consequently 143 B.T.U., are given 
out or let free in the conversion of 1 lb. of water at 32° F., into 
ice at the same temperature.* 



Black’s Experiment on the Latent Heat or Steam. 


Black’s third experiment consisted in placing a flat tin dish on 
a hot plate over a fire; into this plate he put a small quantity of 
water at 50° F., and observed that after 4 minutes the water 

* The .latent heat of water by the Centigrade scale is 79'4 for ^ ■ 

79% say 79 units of heat required to convert 1 lb. of ioe at 0* 0.. info 1 lb. 

’ of water at the same temperature. 



STEAM AND' STEAM ENGINES, 


LECTURE I. 

* 

Contents.— Early Forms of the^ Steam Engine: Hero’s, Savery’s, and 

Newcomen’s. 

The student will find the history of the rise and progress of the 
Steam Engine both interesting and instructive. Two lectures 
will therefore be devoted to reviewing, as concisely as possible, 
the struggles of early inventors to produce mechanical work 
from steam. 

Hero’s Engine. —The first application of the elastic force of 
steam of which there is any record, was by Hero of Alexandria, 
about 130 B.C.* 

From the following figure and index of parts the construction 
and action will at once be understood. The fire at, F, heats the 
water in the caldron, 0, generating steam j the steam passes up by 
the pipe, P, in the direction shown by the arrows into the globe, 
G, first expelling the air, and then exhausting by the two nozzles, 
N x , N a . Owing to the nozzles being fixed in opposite directions 
and at right angles to the axis on which the globe is free to 
rotate, the unbalanced pressures which the steam exerts on that* 
part of each pipe opposite to the opening produce a “couple,” 
and thus turn the globe at a very high speed, but with such a 
small force that a great expenditure of fuel would be required 
to develop even a horse-power. 

No other notice of the application of steam to produce motion 
is found until about the year 1563, when Mathesius hints 
at the possibility of constructing an apparatus similar in its 
action to that of our modern steam engine.t No device of a 

* Glass models, called Whirling Odipiles, are obtainable at any optician’s, 
for illustrating the action of Hero’s engine, on the “Barker mill principle.” 

T For complete descriptions of the attempts made by De Cans, 1624; 
Giovanni Branca. 1628; Marquis of Worcester, 1663; Sir Samuel Moreland, 
1682; Papin, ltffes to 1696, &c., see Descriptive History of the Steam 
Engine , by Robert (Smart, G.E., published in 1825, and dedicated to 
Dr. Birkbeck, “Patron of the (late) Glasgow Mechanics’ Institution, and 
St one time Professor of Natural Philosophy in the College founded by 
Professor Anderson in the City of Glasgow.’ Also, see a treatise by John 
, Farey on The Steam Engine , 1827; and Prof Thurston’s History qf the 
Growth qf the Steam Engine, published by 0. Kegan, Paul k Co. 
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LECTURE I.—HISTORY 07 THE STEAM ENGINE. 


thoroughly practical nature worth drawing the attention of 
students to occurs, until Captain Thomas Savery brought out 
his patent steam engine for raising water from mines in 1698. 



Hero’s Engine, 130 b.o. 


F for Fire. G for Globe. 

G „ Caldron, containing water. Ni, N s „ Nozzles, steam exhaust 

P „ Pipe, steam supply. r 

Savory’s Engine.—Steam from the boiler, B, is admitted to the 
receiver, B., by opening the steam cock, S 0. When the receiver 
is filled with steam, the cock, SC, is closed, and 0 J opened, which 
allows a douche of cold water to play on the outside of It, thus 
causing condensation and producing a vacuum. The atmospheric 
pressure acting on the mine water, at M W, forces water up 
through the suction valve (or cock), S Y, nearly filling the re¬ 
ceiver. OJ is then closed, and SO opened, thus permitting 
the steam from the boiler to force the water now in the receiver 
up through the delivery valve (or cock), D Y, and the discharge 
pipe, DP, to any convenient place clear of the mine. 

In J3avefy’B actual engine he adopted a complete duplex set of 




EARLY FORMS OF THE STEAM SKGliri. 


S 


% 

boilers, receivers, and cocks, so that the operations of filling one 
receiver and emptying the other might be conducted simultane¬ 
ously.* He placed his boilers and receivers about 20 feet, above 



Savery’s Engine, 1098. 


F for Furnace. 

B Boiler. 

SP ,, Steam pipo. 
SC ,, Steam cock. 
R „ Receiver. 


M W for Mine water. 
SV ,, Suction valve. 
DV ,, Delivery valve. 
CJ „ Condensing jet. 
DP ,, Discharge pipe. 


the bottom of the mine water, or well, and the height of the 
overflow from the discharge pipe about 30 feet above the receiver. 
The efficiency of a Savery engine, as*measured by the weight of 
coal consumed, was tested by Smeaton in 1774, and found to be 
about of what can now be realised by a modern pumping- 
engine. The loss of heat energy, due to the alternate heating 
£nd cooling o£ the receiver, added to the condensation of the 
Steam upon coming into direct contact with the water when 
forcing the latter out of the receiver, combined with the impossi- 

# Desagulier, in 1710, improved upon Savory’s engine by introducing a 
two-way cook between the boiler, the receiver, and the cold water injec¬ 
tion, and introduced an inside rose injection for condensing the steam in 
* the receiver. See Stuart on The Steam Engine t 1825, Fig. 20. 
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LECTURE I.—BISTORT OF THE STEAM BKOIHE. 


bility of placing the receiver much more than 20 feet above the 
bottom of the mine,* and the inability of engineers in those days 
to construct boilers of sufficient strength to withstand a steam 
pressure more than 15 lbs. on the square inch,t prevented the 
adoption of Savory’s engine in most mines. 

Newcomen’s Atmospheric Engine. —In 1705 Thomas Newcomen, 
a blacksmith, associated with Savery and John Oawley, a glazier, 
le the experiment of introducing steam under a piston 
in a cylinder. They formed a vacuum by condensing the 
steam by an affuBion of cold watef on the outside of the steam 
vessel; and the weight of the atmosphere pressed the piston to 
the bottom of the cylinder. This was the first form of atmo¬ 
spheric engine—the simplest and most powerful machine that had 
hitherto been constructed. After a great many laborious attempts 
at Wolverhampton to make one of their engines work satisfac¬ 
torily, they were one day (in March, 1712) surprised “to see the 
engine go several strokes, and very quick together, when, after a 
search, they found a hole in the piston, which let the cold water 
in to condense the steam in the inside of the cylinder, whereas 
before they had always done it on the outside.” This fortunate 
observation gave rise to the improvement of condensing by 
injection, which thus rendered the cold water jacket of their 
steam cylinder unnecessary, and they thereafter manufactured 
their engines in the form shown in the following figure. 

The mine pumps, MP, weighted pump-rod, WPP, and lift 
.pump, LP, on the one side of the wooden beam, W B, being 
heavier than the piston, P, and piston rod, P R, always brought 
the piston to the top of the cylinder, 0; consequently, to start 
the engine, the steam valve, S V, was opened, in order to expel 
the air by the relief or snifting valve, RY,J and to fill the 
whole cylinder with steam. The steam valve was now closed, 
and thejnjection cock, 10, opened, which caused' a spray of cold 
watedflp&ijfee cold water tank, 0 W T, to enter the cylinder and 
conaOTSe the steam. The vacuum produced brought the pressure 
of the atmosphere into play on the top side of the piston, 
causing it to descend to the bottom of the cylinder, thus actu¬ 
ating the pumps at the other end of the beam. The condensed 
steam and injection water got clear away from the bottom of the 


* With even a perfect vacuum in the receiver, theiatmospheric pressure, 

raid only force 


which is usually about 15 lbs. on the square inch, coi 
into it from a depth of 34 feet 


water up 


+ Savery said, “If I could only get boilers and pipes of sufficient strength. 


id force water up to a height of 1,000 feet.” 
his valve was called the snifting valve by Newcomen, because the 
* noise every time it blows through it. 


«r 
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cylinder by the eduction pipe, EP, to the feed water tank, 
FWT; the water from this tank being used to fill the boiler, 


O.W.T. 



W.P.R 


F 
B 

GP 

SV 

c 

p 

PR 

WPE 


for Furnace. 

Boiler. 

Gauge pipes* 

Steam valve. 
Cylinder. 

Piston.* 

Piston rod. * 
Wooden beam. 
Weighted pump-rod. 


' Newcomen’s Engine, 1712. 

M I? for Mine pump. 

LP „ Lift pump. 

C W T ,, Cold water tank. 

WT ,, Water tap to top of piston. 
IC ,, Injection cock. 

RY „ Relief or snifting valve. 
EP „ Eduction pipe. 

F W T „ Feed water tank. 




awl i flie height of the water in the boiler was ascertained by 
t$e'gauge pipes, GP. 
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LECTURE X.—BISTORT 07 THE STEAM ENGINE. 


At first (in 1712) the valves were opened and shut by hand. 
To perform these operations at the precise moment, required 
the most exact and unremitting attention on the part of the 
attendant, as the least neglect or inadvertence might be ruinous 
to the engine, by beating out the bottom of the cylinder, or 
allowing the piston to be drawn out of it. Stops were contrived 
to prevent both of these accidents; then strings were used to 
c&rnect the handles of the cocks and valves with the beam, 
di^|fipally a Mr. Beighton, in 1718, simplified the whole of 
these movements by causing them to be automatically opened 
and shut at the proper moment by means of a "tappet rod” 
connected with the beam. He also introduced the lever safety 
valve to the boiler. 

Another difficulty which at first severely taxed the ingenuity 
of the inventors was the sudden upheaving of the cylinder, 
at the moment of creating the vacuum, which caused such a 
jolt and stress on the pipes connecting the cylinder and the 
boiler, as to keep them in a chronic state of leakage. It will 
be observed that at the instant the vacuum is produced, the 
piston is pressed downwards by the atmospheric pressure, but 
at the same time the cylinder is equally pressed upwards, so 
that it required to be very heavy or very securely fastened down, 
to prevent it rising; since no downward motion of the piston 
can take place until the inertia of the whole moving mass of 
beam, pump-rods, <fcc., has been overcome. This difficulty was in 
a measure mastered by bolting the cylinder firmly down to strong 
'beams, and keeping it separate from the boiler. 



Smsaton’s Piston. 

P R for Piston rod. B B for Bolts. v 

ID „ Iron dish. WIR„ Wrought iron ring shrank 

WD „ Wooden dish. on like a cart-wheel tyre. 


Newcomen’s piston, which consisted of a flat plate with a 
broad piece of leather screwed to it and turned up the sides of 

the* cylinder two or three inches, gave considerable trouble, 

/ * 
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owing to leakage and the cutting of the leather. An improved 
form of piston (see preceding figure) was afterwards introduced 
by Smeaton.* 

*For Smeaton’s improvements, see Thurston’s History qf the Steam 
Engine; also, see articles in The Engineer , beginning June 6th,. 1879, 
p ; 403. For a diagram of a Newcomen engine from an old plate, see 
The •Engineer , November 28th, 1879, p. 400, and for a fine diagram of an 
elaborate Newcomen engine, only taken down in 1880, see the same paper, 
January 30th, 1880, p. §4. For Mr. Henry Davey’s Presidential Address 
to the Inst. Mech. Engineers on October 16th, 1903, see Proceedings of 
that Institution, and all current Engineering Papers for October 30th and 
November 6th, 1903. 


Lecture I.— Questions. 

1. Give a free-hand sketch of Savery’s engine, with index of parts. 
Describe its action in your own words. State clearly how it was so 
wasteful of fuel, and what limited its application to deep mines. 

2. Suppose the water in a mine to be 25 feet below the point to which 

it rose in Savery’s receiver, and the top of the discharge pipe 30 feet above 
the bottom of the receiver, what vacuum and pressure of steam in pounds 
per square inch would be necessary to work the engine? Ana . 11 lbs., 
and 13*2 lbs. # 

3. Give a free-hand sketch with index of Newcomen’s engine. Describe 
in your own words its action, and how you would start it. 

4. Suppose the diameter of a Newcomen’s engine cylinder to be 30 inches, 
the stroke 5 feet, the effective pressure per square inch due to the vacuum, 
10 lbB., and 15 up and down strokes to be made per minute, how man/ 
pounds of water would it lift per minuto to a height of 100 feet, neglecting 
all losses due to friction. &c.? Ana, 5303*5 lbs. 



LECTURE II. 


Contents. —Watt’s Model of Newcomen’s Engine in Glasgow University— 
Watt’B Single and Double Acting Engines—Homblower’s Engine- 
List of Steam Engine Patents to 1805. 

Up to the period when Smeaton perfected the atmospheric 
engine, the progress of the “ fire engine,” as the steam engine 
was then called, had been merely empirical; and in everything 
that depended on principle, the steam engine of that period 
was a most rude, wasteful, and inefficient machine. Then came 
the time when science was to effect more in a few years than 
mere empirical progress had done in nineteen centuries. In 
1759, James Watt had his attention directed by Robison to 
the subject of the steam engine, and for a few years afterwards 
made various experiments on the properties of steam. In 1763 
and 1764, Watt, while engaged in the repair of a small model 
of Newcomen’s engine (belonging to the University of Glasgow, 
and since preserved by that University as the most precious 
of relics), perceived the various defects of that machine, and 
ascertained by experiment their causes. 

Watt set to work scientifically from the first. He studied 
the laws of the pressure of elastic fluids, and of the evaporating 
action of heat, so far as they were known in his time; he 
ascertained as accurately as he could, with the means of ex* 
perimenting at his disposal, the expenditure of fuel in evapora¬ 
ting a given quantity of water, and the relations between the 
temperature, pressure, and volume of the steam. Tnen, reasoning 
from the data which he had thus obtained, he framed a body of 
principles expressing the conditions of the efficient and economic 
working of the steam engine, r which are embodied in an invention 
described by himself in the following words, in the specification 
of his patent of 1769:—* 

“My method of lessening the consumption of steam, and 
consequently fuel, in fire engines, consists of the following 
principles- b 

“ First. That vessel in which the powers of steam are to be 

employed to work the engine, which is called the cylinder in 

% 

* Extyaot from The Steam Enaine and other Prime Movers t by Prof. R&nkine, 



watt’s model of newoombn’s engine. 



WattIS Model in Glasgow Univkssitf. 


F, for Furnace; B, Boiler, O, Cylinder; PB, Platon rod; WB, Wooden beam; MP, Mine 
pump; TB, Tappet rod; OWT, Gold-water tank; WT, Water tap for keeping piston 
tight; E P, Exhaust pipe. 

Non.—In working to repair (he model here represented, James Watt, in 1765, made the 
discovery of a separate oondenser, which has identified his name with the Strain 
Engine. • 
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common fire engines, and which I call the steam vessel, must, 
during the whole time the engine is at work, be kept as hot 
as the steam that enters it; first, by enclosing it in a case of 
wood, or any other materials that transmit heat slowly; secondly, 
by surrounding it with steam or other heated bodies; and 
thirdly, by suffering neither water nor any other substance 
colder than the steam to enter or touch it during that time. „ 

“ Secondly. In engines that are to be worked wholly or partially 
by condensation of steam, the steam is to be condensed in vessels 
distinct from the steam vessels or cylinders, although occasionally 
communicating with them; these vessels I call condensers; and, 
while the engines are working, these condensers ought at least 
to be kept as cold as the air In the neighbourhood of the engines, 
by application of water, or other cold bodies. 

“ Thirdly. Whatever air or other elastic vapour is not con¬ 
densed by the cold of the condenser, and may impede the 
working of the engine, is to be drawn out of the steam vessels 
or condensers by means of pumps, wrought by the engines 
themselves, or otherwise. 

“ Fourthly. I intend, in many cases, to employ the expansive 
force of steam to press on the pistons, or whatever may be used 
instead of them, in the same manner in which the pressure of 
the atmosphere is now employed in common fire engines. In 
cases where cold water cannot be had in plenty, the engines may 
be wrought by this force of steam only, by discharging the steam 
t into the air after it has done its office. 

“ Lastly. Instead of using water to render the pistons and 
other parts of the engines air and steam tight, I employ oils, 
wax, resinous bodies, fat of animals, quicksilver, and other 
metals in their fluid state.” 

To start Watt's Single-acting Engine: 

First. Blow through, by opening all the valves, JvJm V* 
This allows the steam from the boiler to expel the air from 
the cylinder, steam passage^, and condenser. 

Second. Shut valve, Yg, and open injection cock, 10. This 
creates a vacuum below the piston, and at the same time brings 
into play the steam pressure above it, causing the piston to 
descend. 


Third. Olose valves Y x and and open V 2 . 'this allows the 
steam which forced down the piston to find its way below it, 
and thus to create an equal pressure on each side of it, when ' 
the weight of the pump-rods, acting on the other end of the 
beam, brings the piston to the top of the cylinder. 

These second and third operations are repeated automaticall 
bjrxhb tappet rod when the engine has been fairly started. 


WATT'S SINGLE-ACTING ENGINE. 
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Furnace. 

Damper. 

Boiler. 

Feed water pipe. 

Gauge pipes. 

Steam pipe. 

Steam valve. 
Equilibrium valve. 
Exhaust 
Cylinder. 

Steam jacket. 

Cylinder cover. 

Gland and stuffing box. 
Piston. 

Piston rod. 


W B for Wooden beam. 

A Axis. 

WPR ,, Weighted pump-rod down 

to bottom of mine. 


EP 

JO 

10 

CWP 

AP 

sv 

FV , 

DV 

HW 

FP 

SW 


„ Exhaust pipe. 

„ Jet condenser. 

„ Injection cock. 

,, Cold-water pump, 
„ Air pump. 

,, Snifting valve. 

„ Foot valve. 

,, Delivery valve. 

,, Hot welL 
i, Feedpump. 

„ Stone work. 
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The following is an abbreviated List of Improvements 

EFFECTED BY WATT ON SlNGLE-AOTING ENGINES. 

1. Steam jacket to keep cylinder warm. 

2. Separate condenser. 

3. Air pump to draw off air and condensed steam. 

4. Expansive working of steam in the cylinder. 

5. Improved piston, cylinder cover, gland, and stuffing ljox. 

6. Cataract or hydraulic governor for regulating the speed. 

By these several improvements, Watt reduced the amount of 

fuel required to produce a certain power to about one-third of 
that required in Newcomen’s engine. So fully was this recog¬ 
nised, that Watt, in granting licenses to use his engines, received 
a third part of the saving of coals which was made by hiB engines, 
when compared with an atmospheric engine, doing the same 
work with coals of the same quality. 

Watt’s Cataract Governor. —The cataract governor was in¬ 
vented by Watt, to regulate the speed of his single-acting 
pumping engines, and is so simple that the student may readily 
understand it without the aid of a diagram.* This governor 
consisted of a pump placed in a tank of water below the 
level of the cylinder, and the plunger of this pump was 
attached to a long lever. This lever was loaded with a heavy 
weight on the same side of the fulcrum as the plunger, and the 
lever projected out on the other side of the fulcrum. The tappet 
rod, which was worked off the main beam, engaged with the 
projecting end of this lever when the piston of the engine was 
travelli ng d ownwards, and therefore raised the plunger of the 
pump. When the piston of the engine began to rise again (due 
to the opening of the equilibrium valve by the tappet rod), the 
heavy weight on the same end of the cataract lever as the plunger 
caused the latter to descend and to force out the water which 
it had drawn in during its up-stroke. The water was forced 
out through a small cock, and the time occupied by the pump 
plunger in its descent depended upon the amount of opening 
given to this cock, whicii could be regulated by the attendant. 
Since the opening of the steam valve of the engine, which 
caused the down-stroke of the piston, was effected by a rod from 
the cataract pump lever, the down-stroke of the engine could n >t 
take place until the pump plunger had descended sufficiently 
to open the steam valve. It will therefore| be apparent that by 
regulating the amount of opening of the discharge cook, the 
^pump plunger could be made to descend with any required 

* Large wall diagrams illustrating dearly Watt’s cataract governor may 
be had fro m the Science and Art department. It ii shown at, P f in the 
f Allowing figure. 



watt’s single-acting engine. 13 


speed, and thus the steam valve of the engine opened any 
required number of times per minute. 

The following diagram illustrates an improved form of Watt’s 
single-acting pumping engine, .and the cataract governor 



Impbovbd Fobm or Watt’s Single-acting Pumping Engine. 

<• V 

Nora.—Thenthdent should make a free-hand sketch of the above figure and write ont an 
' index of parts, using the first letter of the names of the parte. i 
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Watt’s Double-acting Engine.-— Hitherto Watt had only in¬ 
troduced steam acting against a piston to press it downwards, 
thus losing time and the opportunity of taking advantage of 
the pressure of the steam in the up-stroke to increase the power. 
In 1782, however, after he had removed from Glasgow to 
Birmingham, and there joined in 'partnership with Mr. Boulton, 
he took out a patent for a “ double-acting engine.” This en_w; no 
was freed from the enormous dead weight of ^Unterpoises, 
which had hung on it from the first attempts of£ Newcomen^ 
for the purpose of equalising the motion and producing the 
up-stroke. 

Watt says:—“My second improvement upon steam . -'ST 
engines, consists in employing the elastic power of the 587 _ 
to force the piston upwards, and also to press it downwards 
alternately, by making a vacuum above or below the piston 
respectively, and, at the same time, employing the steam to act 
upon the piston in that end, or exerted upon the piston only in 
one direction, whether upwards or downwards.” His 1782 
patent engine was considerably improved by his patent of 1784, 
of which we now give a drawing and description. 

To start Watt’s Double-acting Engine :— 

First. Blow through, by opening all the valves, V* Y, 

Second . If the piston is at top of cylinder, shut valves, V 2 
and V 8 , and open injection cock, 10. This creates a vacuum 
underneath the piston, and at the same time brings into play 
the steam pressure above it, causing the piston to descend. 

Third. When the piston has reached the end of its stroke, 
shut valves V v Y^ and open Y 2 , Y ? . This permits the steam 
to exhaust from the top of piston direct to the condenser, and 
at-the same time admits steam from the boiler underneath it, 


causing the piston to ascend. 

These second and third operations are repeated automatically 
by means of the plug rod and tappets. 



watt’s double-acting engine. 
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Watt’s Double-acting Engine, 1784, 
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Throttle vab 
Governor, 

Steam valves connected 
by a pipe.* 

Exhaust valves also con¬ 
nected by a pipe. 
Tappet (or plug) rod. 
Cylinder. 

Steam jacket. 

Exhaust pipe. 

Jet coafienser (separate). 
Injection co^. 
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AP 
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PR • 
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for Handle. 

,i Air pump. 

„ Hot well. 

„ Feed pump. 

„ Cold-water pump. 

„ Piston. 

99 Piston rod. 

99 Parallel motion. 

99 Metal beam. 

99 Connecting rod. 

99 Sun and planet motion. 
99 Main shaft. 

„ Fly-wheel. 


* In the drawing the steam pipes connecting valves, Vy and V*, and the 
exhaust valves, Yf and V 4 , cannot be fully shown, but it will form a 
useful exercise for the student to make a section at right angles to* the 
figure through these valves, including all the necessary pipes. 
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List of Improvements introduced or Patented bt Watt 
since the Invention op his “Single-acting Engine.” 

1. Applying steam on both sides of the piston. 

2. Parallel motion to guide the piston rod in a straight line. 

3. Metal beam instead of the large clumsy wooden one. 

4. Sun and planet motion to convert reciprocating rectilineal 
to rotative motion.* 

5. Governor to regulate the f . speed of his rotative engines 
(see index at end for Governors). 

6. Indicator to ascertain the pressure of steam in the cylinder 
(see index at end for Watt's Indicator). 


* There can be no doubt that Watt first thought of applying the crank 
to convert the reciprocating motion of the piston into a rotative one, but, 
having neglected to take out a patent, the invention was communicated 
by a workman to the engineer erecting an engine for a Mr. Matthew 
Washbrough, of Bristol, who patented the application. The following is 
Watt's own narrative on this subject:—“ Among the many schemes which 
passed through my mind, none appeared so likely to answer the purpose 
as the application of a crank in the manner of a common turning-lathe 
(an invention of great merit, of which the humble inventor and even its era 
are unknown); but, as the rotative motion is produced in that machine 
by the impulse given to the crank in the descent of the foot only, and is 
continued in its ascent by the momentum of the wheel, which here acts as 
a fly; and, being unwilling to load my engine with a fly heavy enough to 
continue the motion during the ascent of the piston (and even were a 
counterweight employed to act, during that ascent, ona fly heavy enough 
to equalise the motion), I proposed to employ two engines, acting upon 
two cranks, fixed on the same axis, at an angle of 120° to one another, 
and a weight placed on the ciroumference of the fly at the same angle to 
each of the cranks, by which means a motion might be rendered nearfy 
equal, and a very light fly would only be requisite.” 

It is evident Watt did not then appreciate the advantage of a heavy fly¬ 
wheel to equalise motion. The application of a fly-wheel to equalise the 
motion of tne piston was first suggested by Fitzgerald before 1772. Watt, 
on being informed that his idea of applying the crank to steam engines 
had been patented by another, said—“ in these circumstances I thought it 
better to-accomplish the same ( end by other means, than to enter into litigation, 
and, by demolishing the patent, to lay the matter open to everybody. 

In order to obtain £ rotative motion from a rectilineal one, by some 
other means than the crank, Watt introduced what is now called the 
“ sun and planet ” wheels , for whioh he claimed several advantages over 
the crank, such as more rapid velocity of the fly-wheel the fly-wheel thus 
being made to revolve with double the speed that it would in the case of 
the orank. It is, however, not so simple, while fts construction makes it 



engines, and probably made in the end of last century, now, in the College 
of Science ana Arts, Glasgow. 



Improved Form op Watt’s Double-acting Engine. 
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IiEOTTTBB II.—HISTORY OF THE STEAM ENGINE. 


7. Counter for recording the number of strokes of the engine. 

8. Mercury TT-tube gauges to ascertain the -pressure of steam 
in the boiler as well as the vacuum in the condenser. 

An improved form of Watt’s double-acting rotatory engine 
is shown in the preceding illustration ; students should compare 
this with Watt’s engine, shown on page 13. 

Homblower’s Engine.—Professor Goodeve says:—“There can 
be no question as to the fact that Watt invented the expansive 
working of steam, but, technically, he does not stand first 
in the records of the Patent Office, for he was anticipated 
by a patent of Hornblower for a single-acting pumping engine, 
which dates from the year 1781.” 

Hornblower, in his specification, says—1. “ I use two vessels, 
in which the steam is to act, and which in other steam engines 
are generally called cylinders. 

2. “ I employ the steam after it has acted in the first vessel, 
to operate a second time in the other, by permitting it to expand 



Hornblower's Compound Engine, 1781.* 


S P for Steam pipe from boiler. 

H P C „ High-preBsure cylinder. 
LPC „ Low- „ „ 

E P „ Exhaust pipe to condenser. 


Vi, V. for Steam cooks or valves. 
V 2) V 4 ,, Equilibrium A 

TT Exhaust * 


>» 


»r 


* The drawing is taken from Stuart’a Descriptive History of the Steam 
hJnpnc, printed 1825. 




hornblower’s compound engine. 
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its^fe which I do by connecting the vessels together, and forming 
proper channels and apertures, whereby the steam shall occa¬ 
sionally go in and out of the said vessels. 

• 3. “ I condense the steam by causing it to pass in contact with 
metallic .surfaces, while the water is applied to the opposite 
side." 

TTq, start Homblower’s Engine:— 

First. Blow through (to clear all air and gases out of the 
cylinders and condenser), by opening all the steam and exhaust 
valves. 

.Second. 'Shut valves V 2 and V 4 , and turn on the cold water 
to- Surface condenser. This creates a vacuum on the lower side 
fnf low-pressure piston, and permits the live steam from boiler to 
jtfess on high-pressure piston, and at the same time the steam 
ibom below that piston to act on the low-pressure piston. 

0 Third. Shut valves Yj, V 3 , V 6 , and open Y 2 , V 4 . This 
allows the steam which pressed on the top of each piston to 
flow underneath them, and thus to create equilibrium when the 
weighted pump-rods pull them to the top again, ready for another 
start downwards. 

* J It will be quite apparent to students of the present day, that 
^prnblower had actually devised not only the compound engine, 
but also the surface condenser (although his engine was but a 
single-acting one). He erected several engines on his plan, and, 
probably, the reason why they did not prove more economical 
than Watt’s single-acting engines, was that the pressure of 
steam which could be generated in the boilers then constructed 
was too low. He applied to Parliament, in 1792, for an exten¬ 
sion of his patent, but was refused; and it is curious to note the 
severe criticism of early writers on his invention, the principle 
of which is nowadays so fully recognised.* 

The further improvements on the steam engine by Trevithick, 
Woolfe, M'Naughton, and others, will be noticed within proper 
£>lace, in connection with locomotive and marine engines. 

It In order to complete this Early History of the Rise and 
. Tigress of the Steam Engine, we here give a list of a few of 
tnPmore important English patents up to the beginning of this 
century. 

* SyAttt, in 1826, writes—“It must always be a subject of regret, that 
pgcnious man should have wasted the best part of his life, and ruined 
his fortune in a series of selfish attempts to copy Mr. Watt’s inventions, 

. without coming within the letter of his patent.” 

' * See The Engineer, January 28, 1887, p 70, for a letter discussing the 

above. 
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Chronological List of Early Patents. 

For Improvements on the Steam Engine, and/or Saving Fuel by the 
Construction of the Fire-Place and Boilerr 


169a 

Thomas Savery, London. 

Raising water by the elasticity of 
steam—Forming vacuum by con¬ 
densing steam, to raise water by 
pressure of atmosphere. 

1705. 

Thomas Newcomen, John Cawley, 

Dartmouth, and Thomas 
Savery, London. 

Condensing the steam introduced 
under a piston, and producing a 
reciprocating motion by attaching 
it to a lever. 

1769. 

James Watt, Glasgow. 

Invention of the condenser— Use of 
oil and tallow instead of water— 
Enclosing cylinder in steam jacket 
—Moving piston by steam against 
a vacuum—Steam wheel. 

1778. 

Matthew Washbrough, Bristol. 
Rotative from rectilineal motion. 

1781. 

John Steed, Lancashire. 
Crank movement. 

Jonathan Hornblower, Penryn. 

Two cylinders. 

1782. 

James Watt, Birmingham. 

Expansive engine—Six contrivances 


for regulating motion — Double 
impulse engine—-Two cylinders— 
Toothed rack and sector to piston 
rod and beam—Semi-rotative en¬ 
gine—Steam wheel. 

1784. 

James Watt, Birmingham. 

Rotative engine—Three parallel mo¬ 
tions—Portable steam engine, and 
machinery for moving wheel car¬ 
riages—Mode of working hammers 
ana stampers — Improved hand 
gear—Moae of opening valves. 

1785. 

Jambs Watt, Birmingham. 
Furnace for consuming smoke. 

1798. 

Jonathan Hornblower, Penryn, 
Rotative engine. 

1802. 

Richard Trevithick and Alex¬ 
ander Vivian, Cornwall. 

High-pressure engine. 

1804. 

Arthur Woolfs, London. 

Two cylinders and high-pressure 
steam boiler. 

1805. 

James M'Naughton, London, 
Saving fuel 
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< Lsotobe II.—QuBmoro. 

«• 

All sketches to be done free-hand, 

• 

1. Hake an outline sketch of the cylinder, piston, and valves connected 
therewith, in Newcomen’s engine; and by the aide of it make a second 
drawing of the cylinder, piston, and valves, as altered by Watt. State 
briefly the nature of these alterations^ and mention the additional parts 
necessary for the working of Watt’s engine, but not shown in your drawing. 

2. Explain, with a sketch, Watt’s invention of a separate condenser and 
air^ pump, as applied to a single-acting steam engine. State the several 
improvements effected by Watt on Newcomen’s engine. 

3. What is the principle of the Bingle-acting engine? Draw an outline 
section through the cylinder and valves, &c. Name the valves and explain 
their action, also the order of opening and shutting them when starting the 
engine. 

4. In improving the old atmospheric engine. Watt laid down the rule 
that the cylinder in which the steam did its work should be kept as hot as 
the steam which entered it. What special provisions did he make for 
carrying out this rule ? Explain your answer by referring to suoh sketches 
as may be required. 

5. Name the three principal valveB connected with the steam cylinder of 
a single-acting pumping engine. State which are opened and which 
closed—(1) when the piston is at the top of the cylinder and beginning 
to descend; (2) when the piston is at the bottom of the cylinder ana 
beginning to ascend. 

6. Describe, by a sketch and index of parts. Watt’s double-acting engine, 
and point out tne distinction between a single-acting and a double-acting 
engine. What is the object of the equilibrium valve in a single-acting 
engine? During what portion of the stroke is this valve open? 

7. Enumerate the improvements introduced by Watt into his double¬ 
acting steam engine in 1784. Why is this engine so much more economical m 
in steam than the old atmospheric engine ? 

8. Sketch a section through the cylinders of Homblower’s engine; give 
index of parts, and state how it is started. Why was the high-pressure 
cylinder of shorter stroke than the low-pressure one? Wherein is it an 
improvement on Watt’s single-acting engine? 

9. Make a vertical transverse section through the nozzles and valves of a 

Cornish pumping Engine, showing the positions of the stop or regulating, 
steam, equilibrium, and exhaust valves respectively, together with the 
ports of the cylinder and the passages for the distribution of steam. (Adv. 
o. and A. Exam ., 1889.) • 

10. Explain, with the necessary sketches, the construction of the 
cataract of a Cornish pumping engine, and the manner in which it 
operates upon the valve or valves with which it is connected. (8. and A, 
Exam., 1890.) 


LECTURE III. 
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Contents.— .Temperature—Thermometry—Thermometer Tables—Pyro- 
metry—Pyrometers of Different Kinds, with their Uses, Accuracy, 
and fianges—Questions. * 

. » 

It is necessary at the very outset of this section of our subject, 
to clearly understand what is nieant by the different expressions: 

1. The temperature of a body. 

2. The quantity of heat in a body, and the unit of heat. 

3. The capacity for heat , and the specific heat of a body. 

Temperature. — The temperature of a body is its thermal state 

considered with reference to its power of communicating heat to 
other bodies (Maxwell). 

Two bodies are said to be at the same temperature, if, when 
placed in thermal communication, there is no tendency to the 
transfer of heat between them; if, however, one of them loses 
heat, and the other gains heat, that body which gives out heat, is 
said to have a higher temperature than that which receives heat. 

Temperature, therefore, indicates the quality or condition of 
the heat in bodies, and is oapable of greater or less intensity 
according to circumstances. It is measured by Thermometers 
and Pyrometers. 

Thermometry. —Thermometry is the method of ascertaining 
temperatures, or the intensities of heat. The action of ther¬ 
mometers is based on the change of volume, to which bodies are 
subject with a change of temperature. Air, water, spirit, and 
mercurial thermometers are severally used under different circum¬ 
stances, but the mercurial thermometer is the one most commonly 
employed by engineers. The mercurial thermometer consists of 
a stem or tube of glass, formed at one end into a bulb, to contain 
the mercury which expands into the tube. If the stem be of 
uniform bore, the expansion of the mercury being practically 
equal for equal increments of temperature, it follows that, if the 
scale be uniformly graduated, the divisions will indicate equal 
increments of temperature.* 

’ It was early ascertained that the freezing and the boiling points 

• 

* Far a complete description of the different kin<& of thermometers, their, 
construction, calibration, graduation, and use, see Professor Maxwell on 
“Heat,” published by Longman & Co., Text Book of Science Series! 
Professor Tait on “ Heat,” published by Macmillan k Co. 
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of .water at the normal pressure of the atmosphere (viz., 14*7 lbs. 
on the square inch), were constant temperatures, and advan¬ 
tage is taken of this physical property in order to. graduate 
thermometers. The interval between these twp fixed 
temperatures is in the case of the Fahrenheit ther- 
mometer (the one commonly used by English engineers) B 
divided into 180 equal parts, termed degrees; in case 1H > 
of the Centigrade,* or standard French thermometer, ■ fl 

into 100 pqual parts, and in the Reaumur, or the U 
thermometer used in Germany,: Russia, &c., into 80' D 
parts. The following comparative scale will render this [1 
quite clear:— ifl 













Bolling point i oo 




Breezing point. 



to Boiling point 


Freezing point 



SCHAPTER AND BuDlEWBXRG’s ENGINEER THERMOMETERS. ' 

, * Centigrade thermometer is now used as the standard thermometer 
by all the best physicists, and students should familiarise themselves with 
readings taken by it, as well as with constants and tables to that scale. 


Thermometer for£erewi&g into Steam and Water Pipez. 
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Comparison or Difpkrent Thbrmombtbbs. 


Ml 

Cent 

Blau. 

Ml 

Cent. 

Btfau. 

392 


160 

320 

160 

128 

390*20 

199 

169*20 

318*20 

159 

127*20* 

388 40 

198 

168-40 

316-40 

158 

126-40 

386-60 

197 

157-60 

314-60 

167 

125-60 

384-80 

196 

156-80 

. 312-80 

156 

124-80 

383 

195 

156 

311 

155 

124 

381-20 

194 

155*20 

309-20 

154 

123*20 

379-40 

193 

154*40 

307-40 

153 

122*40 

. 377-60 

192 

153-60 

305*60 

152 

121*60 

376-80 

191 

152-80 

303*80 

151 

120*80 

374 

190 

152 

302 

160 

120 

372-20 

189 

151-20 

300-20 

149 

119-20 

370-40 

188 

150*40 

298-40 

148 


368-60 

187 

149-60 

296 60 

147 


366-80 

186 

148-80 

294-80 

146 


365 

185 

148 

293 

145 

116 

363-20 

184 

147-20 

291-20 

144 

116-20 

361-40 

183 

146-40 

289-40 

143 

114-40 

359-60 

182 

145*60 

287 60 

142 

113-60 

357 80 

181 

144-80 

286-80 

141 

112-80 

356 

180 

144 

284 

140 

112 

354-20 - 

179 

143-20 

282*20 

139 

111-20 

352-40 

178 

142-40 

280-40 

138 

110-40 

350-60 

177 

141-60 

278-60 

137 

109-60 

348-80 

176 

140-80 

276-80 

136 

108-80 

347 

176 

140 

276 

135 

108 

345-20 

174 

139-20 

273*20 

134 

107-20 

343-40 

173 

138*40 

271*40 

133 

106*40 

341-60 

172 

137*60 

269*60 

132 

105*60 

339-80 

171 

136*80 

267-80 

131 

104-80 

338 

170* 

136 

266 

130 

104 

336-20 

169 

135*20 

264*20 

129 

103-20 

334-40 

168 

134*40 

262*40 

128 

102-40 

332-60 

167 

133-60 

260-60 

127 

101-60 

330-80 

166 

132-80 

268-80 


100-80 

329 

165 

132 

257 

i 125 

100 


164 

131-20 

265-20 

124 


i Jsl-j 

163 

130-40 

253-40 

123 

llpjgva (igB 

SF*!® 1 T> I * ^' 7 i 

> Y ^ m* J mmfi 

162 

129*60 

251-60 

122 


321*80 

• ZL .— 

161 

128-80 

249*80 

121 

98-80 

» % 
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Comparison or Different Thermometers— Continued. 


F*h. 


248 

246-20 

244-40 

242-60 

240-80 

239 
237-20 
235-40 
233-60 
231 -80 





224-60 

222-80 

221 

219-20 

217-40 

216-60 

213-80 


212 

211 

210 

209 

208 

207 

206 

205 

204 

203 

202 

201 

200 

199 

198 

197 

196 

195 

194 

193 


Cent 

Bfetu 

120 

96 

119 

95*20 

118 

94-40 

117 

93-60 

116 

92*80 

• 

115 

92 

114 

91-20 

113 

90-40 

112 

89-60 

111 

88*80 

110 

88 

109 

87-20 

108 

86-40 

107 

85-60 

106 

84-80 

105 

84 

104 

83-20 

103 

82-40 

102 

81-60 

101 

. 80-80 

• ■a 

• t • 

100-0 

80*0 

99-4 

79-6 

98-9 

791 

98*3 

78-7 

97-8 

78-2 

97 2 

77-8 

« 6-7 

77-3 

96*1 

76-9 

95-6 

76-4 

95-0 

76-0 

94-4 

75-6 

93-9 

75*1 

93-3 

74-7 

92-8 

74-2 

■ 92-2 

73-8 

91 - 7 * 

73-3 

91-1 

72-9 


Fah. 


192 

191 

190 

189 

188 

187 

186 

185 

184 

183 

182 

181 

180 

179 

178 



173 

172 

171 

170 

169 

168 

167 

166 

165 

164 

163 

IQ? 

161 

160 

159 

158 

157 

156 

155 

154 

153 

152 


Cent 


88-8 

88-3 

87-7 

87-2 

86-6 

861 

85-5 

85-0 

84-4 

83-8 

83-3 

82-7 

82-2 

81-6 

81*1 

80-6 

800 

79-4 

78-8 

78-3 

77-7 

77-2 
76-6 
76 1 
75-5 
75-0 

74-4 
73-8 
73-3 
72-7 
72 2 

71-6 
71-1 
70-5 
70 0 
69-4 

68-8 

68-3 

67-7 

67-2 

66-6 


Bfeo. 




7 
7 
70-2 
69-7 
69*3 

68-8 

68*4 

68-0 

67-5 

67-1 


66-2 
•7 
•3 
64-8 

64-4 

64-0 

63*5 


62-6 

62-2 

61-7 

61-3 

60-8 


60-0 


59-1 



•2 
57-7 

57*3 

56-8 


56-0 



54-6 

54-2 

53-7 

53-3 
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Comparison ov Dutkrrnt Thhbmomhtbrs— Continued. 
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Comparison or Ditojbknt Thirmomjstrhs— Continued, 


Fah. 

Cent 

Blau. 

Fah. 

Cent 

Elan. 

71 

21-6 

17*3 

61 

10-6 

8-4 

• 70 

21-1 

16*8 


10 0 

8-0 

69 

20-5 

16-4 

49 

9'4 

7-6 

68 

200 

16-0 

48 

8-8 

7-1 

67 

19*4 

16-6 , 

47 

8-3 

6-6 - 


18-8 

15-1 

46 

7.7 

6-2 

65 

18*3 

14-6 

45 


6-7 

64 

17-7 

14-2 

44 

'ilffptls 1 A i 

6-3 

63 

17-2 

13-7 

43 

mmm. 1 ■ 

4-8 

62 

16 6 

13‘3 

42 

6-6 

4*4 

61 

161 

12-8 

41 

6-0 


60 

16-6 

12-4 

40 

4*4 

3-6 

69 

16 0 

12 0 

39 

3-8 

3-1 

68 

14-4 

11-6 

38 

3-3 

2-6 

67 

13*8 

11-1 

37 

2*7 

2*2 

66 

13 3 

10-6 

36 

2-2 


66 

12-7 

10-2 1 

36 

1-6 


64 

12 2 

9-7 

34 

lip* EJlpp 


63 

11*6 

9-3 

33 



62 

111 

8-8 

32 

IKZi&fip 

00 


It is certainly a great inconvenience to have to convert readings 
taken in one scale to that of another, but students should 
thoroughly master the simple proportion that exists between 
the different scales, bo as to be independent of conversion tables.* 


* Since freezing water, or meltiug ice, is marked on) « 90 n o(w n° h/aii 

the different scales as follows:—.f 82 0 0ent * 0 ^ au * 

and the boiling point of water ..... 212° Fahu 100° Cent. 80° Bdau. 
we obtain the proportion that exists between the scales) , ^ Va y. ■, mo RnQ ^ ail 
by subtracting thefreezing from the boiling points, thus \ 180 Fah ' 100 Cent - 80 B4au - 
Notb .—Temperatures as reckoned from the “absolute zero'* will be referred to when 
we come to deal with Pressures and Volumes of Gases. 


An easy process iu mental arithmetic for converting degrees on the Fahrenheit scale 
Into degrees on the Centigrade scale, and vice versa, is as follows 

For Fah. degrees into Cent, duress.—Subtract 32 and divide by 2; then add 
rt H riv + tV o o the result. 

Thus, for 60° F. we get (1®^*) a 14 . Then, (14 +1*4 + 14 + *014) = 15*6° C. 

Again, for Cent ♦ degrees tfiFah. degrees. —Multiply by 2 and subtract tV of the result 
from the product and then add 82. 

Thus, for 16* C. we get (16. x 2) - & (16 x 2) + 82; or, (80 - 3 + 82) = 69° F. 

Any desired number of similar examples may be worked out in this way, or by the 
ordinary proportion and fractional methods as detailed on the following page, and the 
answers checked by the foregoing tables. 
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Row, to convert a reading observed on the one scale to its 
corresponding value on either of the others— 

Let F ms Temperature Fahrenheit. 

4 0 = „ Centigrade. 

' R = „ Reaumur. 

Then we observe that we must subtract 32° from the Fah. scale 
before applying the above proportion in converting it to the 
Cent, or to the R4au., but add 32, after applying the above 
proportion, in converting either the Cent, or the Rlau. into the 
Fan. scale, as follows— 


32) 

: 0 : R :: 

180: 

100:80 


or as 

9 : 

5 : 4 

Degrees 0 = - 

(F- 

32) 5 

9 

II 

R = 

(F- 

32) 4 

9 

II 

F = 

O x 
5 

— + 32 

» 

F - ■ 

R x 
4 

— + 32. 


Examples. —Suppose the temperature of the feed water for a 
boiler is 102° Fah., find the corresponding temperature on the 
Cent and R4au. scales: 


By proportion— 9 : 5 :: (F - 32): 0 


. ff (F - 32) 5 

..U--- 


(102 - 32) 5 
9 


. n 70 x 5 350 oq a o« . 

0 =* —g— => -g- = 38-8 Cent. 


Again- 


9 : 4 :: (F - 32) : R 


a - Mi - <Mi - <7 - 3 h° 

Again, by proportion— 5 : 4 :: C : R 

uBut, C - 38-8°, R - 38-8 x | - 31-1° R6au. 
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Pyrometry is the method of ascertaining the temperatures of 
very hot things, as distinguished from thermometry, which is 
really the method of ascertaining the temperatures of warm, 
hot, or boiling things. Of course, an exact point of demarcation 
cannot be drawn between the temperatures whereat instru¬ 
ments termed thermometers fail to register heat potential or 
intensity, and where the other kinds of instruments called 
pyrometers begin to be applied. In fact, as we shall see later 
on,the term thermometer is applied to the platinum resistance 
type of instrument, made for'ascertaining temperatures from 
14° to 2,500° F. -However, the distinction between these two 
terms is by no means inconvenient or vague, since pyrometers 
have, generally speaking, been used to measure temperatures 
beyond the compass of the ordinary mercurial thermometer 
— i.e., the boiling point of mercury—which is about 650° F. at 
atmospheric pressure. Further, the word thermometer is derived 
from the two Greek words, dtp/i6( (thermos), signifying warm, 
hot, or boiling, and fterpov (metron), to measure. In other words, 
a thermometer is an instrument for indicating the intensity of 
heat of any. warm substance. The word pyrometer is also 
derived from two Greek’ words, vrvp ( pyr ), signifying fire (or 
terribly hot), and psrpov, to measure, as before. In other words, 
a pyrometer is the proper name for an instrument which indi¬ 
cates the intensity of the heat of very hot substances. The tem¬ 
peratures of high pressure superheated steam, gas and oil engine 
exploded mixtures, boiler and superheater furnaces and their 
flues, dust destructors, kilns, melting and annealing furnaces * 
for- different kinds of metals, as well as heating muffles for 
tempering steel, <fcc., are all measured by pyrometers. Of late, 
these instruments have been very much improved, both in regard 
to their accuracy and their lasting, reliable qualities. So much 
is this the case; that no truly accurate, scientific investigation 
into the complete performance of steam, gas or oil engines and 
electric power plants can be considered correct without their aid. 
Moreover, the iron, steel, and metal works metallurgist can 
determine, by their aid, the exact temperatures at which to stop 
certain operations, in order to obtain the best results; as also, the 
recently-discovered recalescence stages, or the hiatus positions 
on the rising and falling scales of temperature at which latent 
heat is absorbed or mven out. 

As a practical up-to-date example of the applications of high, 
temperature platinum thermometers, we notice the following 
quotation from the Blue Book issued by the 1902-03 Naval 
Boilers Qommittee of the Admiralty:—“ The temperatures of 
the flue gases were taken by Oallendar Electric Thermome^efs, 
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and read on a galvanometer made by The Cambridge Scientific 
Instrument Company, for the special purpose of these trials. 
The whole temperature-taking apparatus worked satisfactorily 
throughout. The records were taken regularly from two to four 
times per hour, as shown in the (Blue Book) tables.” It stands 
to reason, that, if you are able to obtain with comparative ease, 
and with reliable accuracy, a continuous permanent record of the 
temperatures of each and every inside and outside part of a set 
of boilers and engines, during a prolonged trial, you are 
thereby in a far better position to make a debit and credit 
balance sheet of the heat generated, usefully applied and wasted, 
than by the rough and ready methods employed a few years ago. 
In fact, the pyrometer should now be considered quite as in¬ 
dispensable to the careful, critical, expert engineer as the engine 
indicator and the dynamo voltmeter. 

Pyrometers.—These instruments may be divided into six 
classes, the first three of which were described in former editions 
of this book, as well as the fourth and sixth, in the Author’s 
Manual of Steam and the Steam Engine . These will therefore 
be but very briefly noticed here, thus leaving time and space for 
confining our attention to the two most recent and accurate 
kinds of electrical resistance and thermo-electric instruments. 

First.— -Those in which the indications are based upon the change 
of dimensions of a particular body. For example, Wedgwood’s 
contracting clay and tapered groove pyrometer , or Darnell’s expan - 
sion metal bar , enclosed in a black lead case. Neither of these 
pyrometers are now considered sufficiently accurate. 

Second. —Those in which a thin cylinder of platinum, copper, 
or iron, of known weight and specific heat, are first put into the 
hot place, whose temperature is to be ascertained, and then 
immersed into a known weight of water, when the rise in 
temperature of the latter, as indicated by a mercurial thermo¬ 
meter, enables the temperature of the hot place to be calculated. 
For example, Wilson’s and Siemens’ Water or Calorimeter Pyro - 
meters , which are fairly accurate with care and when new, but 
they do not admit of more than one temperature being observed 
at any one time or of the continuous automatic recording of 
changeable temperatures. The thorough understanding of their 
construction, action, and manipulation is, however, of consider¬ 
able educational value to the student.* 6 

* Teachers and students may seleot either copper and iron or any owo 
other convenient, cheap pair of dissimilar metals when demonstrating the 
principle and action of this pyrometer. They may refer to the Atxtppr , s 
A^anml on Steam and the Steam Engine for a detailed illustrated desorip- 
tiourof Siemens’ Water Pyrometer* 



PYROMETERS. 


81 


Third .—Those which are based upon the previously-estimated 
melting or fusing points of pure metals or metallic alloys. These 
can only be considered nowadays as rough-and-ready rule-of- 
thumb aids to workmen, who may also be able from experience 
to judge, approximately, the temperature of a retort or a furnace 
by the appearance or colour which it presents to their eyes. 
For example, dull red was, say, near 1,000° F.^ cherry red, 
1,450° F.; orange, 2,000° F.; white, 2,350° F.; and dazzling 
white, 2,700° F. 

fourth, —Those which are Ifesed on the fact, that saturated 
steam or a gas in direct contact with the liquid from which it 
is generated has the same temperature as the liquid. For 
example, Schaffer and Budenberg’s “ Thalpotasimeter or Pressure 
Gauge Pyrometer ,” as explained in Lecture VII. They are made 
and graduated to act upon this principle from 100° to 1,400° Fah. 

Fifth, —Those which depend on the electrical property of 
metals, that their resistance increases by a certain amount for a 
given rise in temperature—for example, Sir William Siemens’ 
Electric Pyrometer and the Callendar-Grifliths Platinum Resist¬ 
ance Thermometers. These pyrometers, when connected to a 
good sensitive galvanometer and battery, are the most accurate 
and reliable instruments yet devised for indicating very high 
temperatures up to 2,500° Fah., as will be seen from the follow¬ 
ing detailed description of their principle, construction and 
action. 

Sixth.* —Those which depend upon the automatic production 
of an electromotive force or electrical difference of potential or # 
pressure between the two junctions of two different metals 
connected in series, when these junctions are kept at different 
temperatures. For example, Le Ohatelier’s Thermo - Electric 
Couple of platinum to platinum plus 10 per cent, of rhodium, 
when connected* in series with Sir W. O. Roberts-Austen’s 
special device of moving-coil mirror galvanometer combined 
with a moving sensitised photo-paper, gives good results. Also, 
Becquerefs platinum to palladium cduple, or the platinum to 
platinum-irridium junction, as used and enclosed in a specially- 
prepared and refractory porcelain tube by the Cambridge Scien- 


to the 1893 Proceedings of the Institution of Mechanical Engineers , 
London, for the second. report to the Alloys Research Committee, 
™ ^ 'their 1902 Proceedings for Mr. William Campbell’s paper on 
Alloys of Copper and Tin,” as well as to Munro and Jamieson’s Pocket- 
Book of Electric Rules and Tables for the Thermo-Eleotrio Soale, Ac., 

m order to obtain further information upon this interesting ana 
important subject. 
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tific Instrument Company, in conjunction with a Callendar 
Recorder, serve to give continuous and permanent records up to 
2,000° Pah. 

4 Electrical Pyrometer or Resistance Thermometer. —The most 
accurate and reliable way of measuring high temperatures is 
that known as the “platinum resistance method." It is the 
same in principle as the Siemens Electrical Pyrometer described 
in the previous editions of this book, but it differs therefrom in 
several important respects. It was first introduced by Professor 
Oallendar in a paper read before-the Royal Society in, 1886, and 
is now supplied in the following form by the Cambridge Scien¬ 
tific Instrument Company:— 



Pio. 1. —Platinum Resistance Thermometer. 


The platinum resistance thermometer consists of a spiral coil 
of fine platinum wire, the electiical resistance of which varies with 
the temperature to which it may be subjected. This coil of fine 
platinum wire, S 0, is wound upon a mica frame and is protected 
from the action of fumes as well as mechanical damage by means 
of a glass or steel or porcelain tube, PT, according to the 
temperature to be ascertained. The ends of the coil are fused 
to two stout platinum or copper leading wires, L W, which are 
connected at their other endB to two of the four terminals, T v 
T 2 , with which the instrument is provided at Its cool or handle 
end, H. Since a change of temperature cannot be confined to 
the platinum spiral coil„S C, but also affects the leading wire 1 ’, 
L W, in the porcelain tube, P T, the latter effect is balanced by 
constructing the thermometer with a pair of idle or compensating 
wires, OW. These compensating wires are short-circuited* as 
shown near the S 0 coil, and at the other end, H, they are con¬ 
nected respectively to the other two of the four terminals, T 8 , T 4 , 
The four leading-in wires are prevented frau touching each other 
in the tuhg by passing them through holes punched in a set of 
separated mica discs, M D, which just fit the inside of the tube, 
P T, and thus, also prevent the passage of convection currents of 
hkir along the tube. 
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Now, referring to figs. 2 and 4, we see, that the terminals, 
T 8 , T 4 , of the compensating leading wires, 0 W, are connected to 
the opposite arm of the Wheatstone Bridgefrom that arm to 
which the terminals, T lf T^of the spiral coil, S 0, are connected. 
This arrangement eliminates any error which might be produced 
by the variation of the temperature of the wires connecting the 
thermometer with the indicating or recording instrument. The 
thermometers can thus be placed in positions where it would be 
impossible to read a mercury thermometer. At the same time, 
a considerable number of theSb thermometers may be inserted 
into different places, flues or furnaces, and distributed over a 
considerable area. By means of a switchboard, such as that 
shown in fig. 3, the readings from each of these thermometers 
may be rapidly and easily ascertained by means of one indicator. 



Fig. 2,—Callendar and Griffith’s Resistance Thermometer, P, 

CONNECTED TO A WHIPPLE TEMPERATURE INDICATOR. 

There are two kinds of instruments used with these thermo¬ 
meters for obtaining temperatures, viz.:—Fig. 2, the Whipple 
Indicator, which reads the temperature directly in degrees 
t^hrenheit or Centigrade on a galvanometer scale, and Fig. 5, 
the Callendar Recorder, which not only shows the temperature 
at any time, but enables a continuous permanent record of the 
latter to be obtained. 

The Whipple Temperature Indicator (fig. 2) consists of a 
portable moving coil galvanometer, combined with a WheatsJolle 
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Bridge (fig. 4). The resistance of the platinum spiral coil, 8 0, 
in the thermometer is balanced by the, fixed resistance, R, con¬ 
tained in the instrument, and by the position of the contact, C, 



Fio. 3 .—Thermometer Switchboard for Enabling Several Different 

Temperatures to be Taken or Recorded. 



Fio. 4.— Diagram of Connections and Resistances, &o„ for the 
Whipple Temperature Indicator of Fig. 2. 

on th e balancing wire, B W. The pointer of th e galvanometer, G, 
tfbows when this balance has been obtained by remaining in the 
centre opposite to its zero or index mark. 


CALLENDAR RECORDER. 35 

Here, the resistances of the bridge arms, a and b, are each 
equal to 10 ohms, or any other convenient equal values. The 
third arm of the bridge is occupied by a fixed resistance, R, equal 
to that of the S 0 coil at 0* Cent. B is a battery of, say, two cells, 
as shown by fig. 2, with a key, K, for bringing it into action 
through a resistance of 10 ohms. The balancing wire, B W, is 
wound in the hollow of a screw thread cut upon an ebonite 
drum, and the galvanometer contact, C, can be moved round 
this wire by means of a milled head, H (fig. 2), until a 
balance has been obtained, as shown by the galvanometer 
pointer returning to zero. The temperature of S C can then 
be read off directly from the Beale, A (fig. 2), which is connected 
to the galvanometer contact, 0. 



Fio. 5 .—Callendar Recorder, with its 
Wheatstone Bridge, &o. 

Callendar Recorder. — In the Callendar Recorder (fig. 5), the 
method just described is applied, but here the galvanometer 
contact, 0, acts by means of a relay upon an automatically-acting 
recording pen, which produces a record of temperatures shown 
b y The principle of the recording mechanism is similar 

to that used in many other instruments, such as the barograph, 
recording axnjneters, and voltmeters. There is the usual cylip- 
' covered with squared paper, divided lengthwise into unite of 
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time and vertically into-degrees temperature. It is revolved 
by clockwork once in two or twenty-four hours. The motion 
of the pen of the instrument is controlled by electromagnets, 
whilst the latter are actuated by the differences in the resist¬ 
ances of the bridge balancing wire, BW, on the two sides of 
the galvanometer contact, C, as shown in fig. 4. 



Fig. 6. —Temperature Sheet, as Produced by the Callendar 

Recorder. 

Thermo-electric Thermometers or Pyrometers.—This system of 
measuring high temperatures was prominently brought before 
the Institution of Mechanical Engineers ind its u Alloys 
Research Committee,” by the late Professor Sir W. C. Roberts- 
Austen, and is said to be largely used on the Continent for 
smelting and foundry wo v k.* It is based on the fact, that if 
two pieces of different kinds of metals are joined together at 
both ends, and the two junctions are kept at different tempera- 
i tures, then a difference ot electric potential is produced between ~ 
the two junctions. Consequently, an electric current will pass 
through the two metals in series. The metals usually employed 
are pure platinum and some alloy of platinum, such as platinum 
rhodium or platinum-iridium. These metals are called the 
M couple.” They are fused or twisted together at one end, and 

# See the Proceedings of this Institution for April, 1893,'for 
sjhwvk illustrations, of nis Thermo-electric Recording Pyrometer. 
centre . 
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protected bjt at; tube in the same manner as those described 
for the previous thermometer. The other end of the thermo¬ 
couple should be kept as cool as possible and in circuit with 
some form of galvanometer through which the thermo-electric cur¬ 
rent passes. This gal vanometer may be calibrated to read directly 
in degrees of temperature. It is also useful to have it calibrated 
in millivolts, as it can then be standardised at intervals. In the 
thermo-electric method of measuring temperature, it is advisable 
to' have the galvanometer as close as possible to the couple; for,, 
if long leads are employed, their resistance may introduce an 
error. The author has found, that one great difficulty often 
arises with these high-temperature pyrometers, when the heat 
exceeds 1,800° to 2,000° Fah>, from the porcelain tubes breaking, 
cracking, or bending. In the case of using them for melted 
brass, the fumes or gases arising therefrom, pass,through the 
cracks or mica lining, and soon destroy the thermo-electric wires 
and their junctions. He understands, however, that the Cam¬ 
bridge Scientific Instrument Company have recently overcome 
this difficulty, and are now prepared to submit their instruments 
to temperatures which were previously considered injurious to 
accurate pyrometers. 
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Lecture m.-Q uestions. 

m I 

1. Define the temperature of a body. What two natural phenomena have 
been employed to. determine two points of reference in the scale of ther¬ 
mometers ? And’ why ? 

2. Convert (-461*2° F.), 0° F, 9° F., 32° F., 39*1° F., 60° F., 75° F., 
98° F., and 212° F. into degrees on the Cent, scale. Mention what each of 
these temperatures relate to or are frequently used for. 

3. Convert (-274° G), 0° C., 4° C., 15*5° C., 24° G, 36*6° C., and 100°C. 
into degrees on the Fah. scale. Mention what each of these temperatures 
relate to or are frequently used for. 

4. Compare the Fah., Cent., and R£au. scales. A Cent, thermometer 
indicates 15°; show by proportion (in full) how you find what are the 
corresponding readings in the Fah. and R6au. scales. Ana. 59° F.; 12° R 

5. Zinc boils at 1,204° F., mercury at 676° F.; change these readings to 
Cetot. (show your work in full). Ana. 651° C. and 358° 0. 

6. Explain the short methods of converting degrees Fah. into degrees 
Cent, given in the footnote immediately after the tables in this lecture, and 
by these convert 200° Fah. into Cent, and 100° Cent, into Fah. 

7. Define thermometry and pyrometry. Give their derivations, and 
explain why the latter term should be employed when referring to tem¬ 
peratures aoove boiling mercury. 

8. Mention the six classes of pyrometers, naming an example of each. 
State in what cases and why the exact measurement of high temperatures 
is of value to engineers. 

9. Sketch and describe concisely the construction and action of a good 
platinum resistance pyrometer. How is it used to obtain several different 
temperatures in different places at the same time ?, 

10. Explain the construction and action of a thermo-electric oouple. 
How is it applied to indicate and to record high temperatures ? 

11. Sketch and describe the construction and action of an automatic 
recording apparatus for use with either the platinum resistance or thermo¬ 
electric couple pyrometer# 



LECTURE IV. 

Contents.— Quantity of Heat—British and French Thermal Units — 
Calorimetry—Bunsen’s Calorimeter—-Method of Mixture—Definitions 
of Thermal Capacity and Specific Heat—Examples I. to VL on Gain 
and Loss of Heat by Substances, &c.—Specific Heat Table—Thomson’s 
Coal Calorimeter—Rosenhain Form of Thomson Coal Calorimeter— 
Gas and Oil Calorimeters—Calorific Values of Coal and Gases from 
Analysis—Specific Heats of Gases and of Steam—Questions. 

In the previous lecture the attention of the student was confined 
to the first of the expression^ with which it started—viz., the 
temperature of a body and how it is measured. In this lecture 
the second and third expressions, qua/ntity of heat and capacity 
for heat , will be dealt with. 

Quantity Of Heat. —The method of measuring the quantity of 
heat in a body is termed Calorimetry,* and the value of that 
quantity is found in units of heat . The expression quantity of 
heat in a body, not only involves a knowledge of the temperature^ 
but also of the capacity for heat of the body. In fact, the quan¬ 
tity of heat in a body is simply the product of its capacity for 
heat and the temperature of the body. We have a precise 
analogy in heat energy, to the way in which two other familiar 
kinds of energy are estimated—viz., mechanical energy and 
electrical energy. In the case of mechanical energy, the quan¬ 
tity of work put into a body is the product of its capacity for 
work or weight and its displacement or distance through which it 
is moved. In the same way, the quantity of electricity put into a 
body is the product of its capacity for electricity and its increase of # 
potential . Also, the qua/ntity of heal put into a body is its capacity 
for heat into its rise in temperature. These three forms of energy 
are convertible, and may be expressed in ft.-lbs. or units of work. 

Units of Heat. —To be able to compare different quantities of 
heat, we must first fix upon a standard substance in a constant 
condition, and "note the effect of raising a unit mass thereof, 
through our unit of temperature. The most convenient sub¬ 
stance is found to be pure water at itq maximum density point, 
and our unit of mass is 1 lb., whilst our unit of temperature is 
1° Fah. Since the capacity for heat of water varies so little from 
32° to 100° F., any reference to its maximum density point, 39*1° 
For to any other temperature, may be omitted in Engineering 
questions. Hence, we define the British Unit of Heat: — 

The British Theignal Unit (symbol, B.T.U.) is the quantity of 
heat required to raise 1 lb. of water 1° Fah. 

" The French Unit of Heat is called the Calorie, from the Latin word 
Color, signifying warmth or heat. It is the quantity of heat required to 
mac 1 kilogramme of water 1° Gent. It is equal to 3*968 (roughly 4) 
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Calorimetry.—The Ice Calorimeter of, Laplace and Lavoisier * 
consisted of three thin copper vessels of different sizes, so as to 
permit one Jieing placed inside another. The outer and middle 
one were packed with broken ice, and were furnished with drain 
pipes and \<cocks by which to run off the water from the ice as it 
became melted. The third or inner vessel held the body to be 
experimented upon. Although this apparatus furnished good 
results in the hands of the inventors, it is liable to lead to 
erroneous determinations, owing to the water produced in the 
middle vessel adhering to the broken ice, instead of draining 
completely away. 

An improved form of ice calorimeter, designed by Bunsen, is 
illustrated in the following figure, and is thoroughly reliable in 
the hands of a good experimeter. 
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Index. 

for Body to be experimented on. 

„ Test tube of thin glass into which, 
B, is inserted. ' 

„ Calorimeter containing water 0°C. 
„ Mercury. 

„ Graduated scale or gauge stem. 

„ Vessel containing snow or ice. 


Bunsen’s Ice Calorimeter. 

The body, B, of known weight, which is to give off the quantity 
of heat to be measured, is first heated in a test tube held in a 
current of steam of known temperature. It is then dropped 
quickly into the very thin, dry, clean test tube, T, wbicli is now 
corked with cotton wool. This test tube is surrounded with 
solid ice contained in the calorimeter, 0. In the bottom of the 
calorimeter there is a quantity of mercury, M, which extends 
up through the thin tube to the graduated scale, G S. 


,*3ee Maxwell or Tait on “Heat,” for a full description of Lavoisier’s 
* lees ^aloilmeter and its defects. 
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The vessel, V,.is packed either with newly fallen snow, free 
from dust particles, or with ice.' The ice in the calorimeter is 
made from distilled water, from which every trace of air has been 
expelled,^ If there was air in the water, the process of freezing 
would expel it, and produce bubbles at the top of the calorimeter, 
whioh would vitiate the results; for the accuracy of the test 
depends upon observing the diminution of the volume of the 
ice in the calorimeter, 0, when a portion of it becomes melted 
bjr the heat passing from thg body, B. This diminution of 
volume of a portion of the ice is indicated by the free end of 
the column of mercury at the graduated scale, GS, moving 
inwards. The value of these gradations having been previously 
ascertained, the quantity of ice melted, and consequently the 
number of units of heat that pass from the body, B, when it 
has fallen to the temperature of the ice, are easily ascertained. 

The value of the gradations on the scale, G S, may be approxi¬ 
mately ascertained, by placing a known weight of water at a 
known temperature in the test tube, T, instead of the body, B, 
and noting the number of divisions which the free end of the 
mercury passes inwards, when the water in the test tube has 
fallen to the temperature of the ice in the calorimeter. 

Example I.—Suppose 1 lb. of water at 212° F. to have been 
placed in the test tube, T, and that, when its temperature had 
falfen to the temperature of the ice, 32° F., the free end of the 
mercury at the scale had moved inwards from 0 to 32 divisions 
on the scale. Now, by plaoing 1 lb. of lead at 212° P. in the test , 
tube, T, and waiting until its temperature fell to 32* F., if we 
found that the free end of, the mercury only moved inwards by 
1 division, we would conclude that the quantity of heat which 
had passed from the 1 lb. of lead was only the part (*031) 
of what had previously passed from the water in the test 
tube to the ice in the calorimeter, under precisely similar 
circumstances. 

The capacity for heat of lead, or its thermal capacity,- is there- 
fore A-, or -031 that of. the standard substance—viz., water. 

Method of Mixture.—This method depends on the quantity of 
heat which escapes from one body, increasing the temperature of 
another body. 

To illustrate this method, again take the case of lead;' Weigh 
out 1 lb. of sheet le%d, roll it into an open spiral, and attach it 
to a string. Now, dip the lead into a pot of freely boiling water 
until it has attained the, temperature of the water. While this 
is going on weigh out a pound of cold water, and ascertain its 
temperature with a thermometer; say it is 47* F. Then lift the 
lead from theib^iling water, and, while, holding jit by the string 




LBCTTJBH IV. 



in the steam rising from the water, allow all water to drop from 
it, and immerse it quickly in the cold water vessel, keeping it 
moving by means of the string, so as to bring it intimately into 
contact with every portion of the water, as shown in the follow¬ 
ing figure, where, L, is the lead, 
and, T, the thermometer. Observe 
the gradual rise in temperature of 
the water due to the heat passing 
from the lead, note the point at 
which it ceases to rise, and suppose 
that to be 62®F. We have thus 
ascertained data, from which we may 
calculate the relative capacities for 
heat of lead and water, if none of 
the heat from the lead was given 
to any other body than to the 
water. 

Thus—The diminution in tem¬ 
perature of the lead from 212® to 
52° — 160°; the increase in temperature of the water from 47® 
to 52° = 6°. 

Therefore, since— 

The Loss of Heat from the one substance = the Gain of Spat 

by the other. 

c Or, the heat from 1 lb. of lead falling 160* •» the heat im¬ 
parted to 1 lb. of water raised 5®. 

# The units of heat in 1 lb. of lead 5 1 

The units of heat in 1 lb. of water = 160 ~ 32‘ 



In other words, the capacity for heat of lead' is only part 
that of water, or the same quantity of heat would raise 1 lb. of 
lead through 32 times as many degrees as it would 1 lb. of water. 

Thermal Capacity. —The capacity for heat, or the thermal 
capacity of a body, is the quantity of heat required to raise its 
temperature by one degree. 

The thermal capacity of unit mass of a substance is called the 
specific heat of the substance. Hence the definition:— 

Specific. Heat. —The specific heat of a substance is the quantity 
of heat Required to raise unit mass of it by one degree in 


temperature. 

This shows, that the specific heat of water (which is. taken as 
thg standard substance) is the same as the “British Unit of 
Heat ” when the^ temperature of the water is at its maximum 


CAPACITY Pott HEAT. 
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density point.! The specific heat of water, however, increases 
slightly as its temperature is raised, by a mean of j of 1 per 
cent, between the freezing and the boiling points. It is, how¬ 
ever, convenient to consider, that a British unit of heat and the 
unit of specific heat are identical; because, as we shall see when 
we come to deal with their corresponding value in units of work, 
Joule’s equivalent of 772 ft.-lbs. of work (or 778 for the latest 
determination) is the rate of exchange for either or both of these 
units and vice versd. 

The above definition also shows, that the specific heat of a 
substance, is identical with the ratio of the thermal capacity of 
any mass of that substance to an equal mass of water. For 
example, look at the following table of “ Specific Heat of Sub¬ 
stances,” and we see, that the specific heat of ice is (fully) -5. 
This means that the capacity for heat of ice at 32° F. is *5 to 1, 
or half that of an equal mass of water. Again, we see from the 
same table that the specific heat of lead is *031. This means (as 
we have already shown), that the ratio of the thermal capacity 
of a mass of lead (say 1 lb.) to the same mass of water (viz., 1 lb.) 

•031 i 

is —= —. In other words, a definite weight of water will 

absorb 32 times the same number of units of heat that the same 
weight of lead will absorb, in order that the temperature of each 
may be raised by the same number of degrees. 

It is also clear, that if the mass of a body be multiplied by its 
specific heat and then by the number of degrees of temperature 
to which the body has been raised or lowered, the combined 
product must be the total heat units imparted to or withdrawn 
from the body. Hence:— 

Let m — Mass of a substance in lbs. 

H<r = Specific heat (or heat specific) of the substance. 

H t = Total heat units required to raise the temperature 
of the substance from t^ to t 2 °. 

Then, H T = m H ff (< 2 - < x ) units of heat , *to raise the temperature 

of the substance from tf to tf or to lower it from 
t 2 to <!*. 

From this statement and formula it is clear, that if one sub¬ 
stance receives a oertain quantity of heat from another substance, 
and that this transfer*of heat from the one to the other is the 
only heat which the one gains and the other loses, then:— 

The Qam of Heat by the 1 __ ( The Loss of Heat by the 
one Substance ) \ other Substance, 
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Hence, Let and tn 2 — Masses of the two substances. 

H ffl and H<r 2 = Specific heats of the two substances. 
t x = Original temperature of m v 

H — * « 99 

t 3 = Final temperature of m v 

^4 = >> 99 ^ 2 ' 

Then, supposing that the mass, m v receives heat from the mass, 
m 2 , we get:— 

r*i Ho-, (t 3 — t x ) = m 2 Hff, (t 2 — t^). 

If, however, both arrive at the same final temperature, t 3 , then, 

Ho’, (^3 - ^i) = m 2 Ho-* (t 2 ““ ^ 3 )* 

Example II.—We may now apply the knowledge we have 
gained in this lecture to proving the rule for using Wilson’s 
Pyrometer, as given in our Manual. Observe, Wilson plunges 
a known weight of platinum (for the sake of illustration, assume 
it to be 1 lb.) at an unknown temperature, t v into double its 
weight of water (say 2 lbs.), and notes the rise in temperature, 
t 2 to t 3 , from which he calculates the original temperature, 
of the platinum, and, therefore, of the furnace from which it had 
been taken. Referring to the following table, we see that the 
specific heat of platinum, H*, = *0324, and that of water, the 
standard substance, H<r 2 = 1 , we get the following answer:— 


Loss of Heat from Platinum = Gain of Heat by Water t 
But, loss of heat from 1 lb of platinum = mj x H ffl x (t x — 1 3 ). 


- 1 x -0324 x U x - t 3 9 ). 


m 2 x 


2 x 
2 x 


H 
1 
1 


*2 



And gain of heat by 2 lbs. of water 

•1 99 99 

lx ’0324 x (t x ° — t 3 ) 

. j ® s o _ 2(^3 — t 2 ) _ u 0 J « x 

• • h h “ .Q324 b 1 Vs /■ 

tf = 62 (t 3 — tf 2 °) + t 3 , 

, The temperature of 1 ( 62 times the rise in temp . of the water 

the platinum J ~ \ + the final temp . of the water. 


Or, 


Example III,— 2 kilogrammes of mercury at 100° 0. are poured 
into 2*2 lbs. of water at 10° 0., what is the temperature of the 
mixture I ^ 


Answer— 

J,et t x ° = Temperature of the mercury. 

t 2 a „ of water before experiment. 

[ 4 ° ■“ c 99 after mixing. 
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' t 

m =» Masrof mercury ■== 2 kilogrammes., 
m «* -i water = 2’2 lbs. or 1 kilogramme. 

H* = Specific heat of mercury = 033 (by next table). 

Hitj = ,» water - 1 V » >* 

Then, Zoas of Heat from Mercury = Gain'of Heat by Water. 

Cut, Zoss of heat from 2 kilos, of mercury = m l x H,, x (tf - t B °). 
And gain ,, by 1 ,, water = WjXHj, x (< g — t s )• 

■ »ij x ITo-, x (<i° - ^ 3 °) — x Ho-j x (t 3 ° - t z ). 

2 x -033 x (100 - t s °) «■ 1 x 1 x (« 3 °- 10*). 

6-6 --066 < 8 V= < 3 °- 10°. 

6-6 + 10 = « 3 °+ -066 < 8 °. 

16-6 = 1-066 *3°. 
tf - 16-6 -r 1-066 = 15-5° C. 


SPECIFIC HEAT OF SUBSTANCES. 

BY REGNAUIjT AND OTHERS. 

From D. K. Clark's iC Rules, Tables, and Data'' at between 

32° and 212° Fahunless stated. 


Water at 39*1° F., 

• 

1000 

„ 212° F.,. 

t 

1013 

Ice at 32°, 

• 

•504 

Steam at 212°, 

• 

•480 

Mercury, . ■ 

• 

•033 

Iron, cast, . • 

• 

•130 

,, wrought, 

• 

•113 

Steel, soft, 

e 

•116 

Copper,. 

Iwoad, • * • 

• 

m 

•095 

•031 

Zino, . . • 

• 

•093 

Tin, 

• 

- 

057 


Silver, .... 

•057 

Platinum, sheet, • 

0324 

,, spongy at 952° F., 

•035 

Coal, .... 

*240 

Coke, .... 

•200 

Olive oil, . • 

•310 

Air, .... 

•238 

Carbonic oxide, 

•248 

„ acid, 

•217 

Hydrogen, . 

3-404 

Oxygen, 

•218 

Nitrogen, 

•244 


Note 1.—Students will find it to be both interesting and instructive to 
try and verily (even roughly), by means of a home-made Bunsen calori¬ 
meter, any of the specific heats in the above table. Before doing so, 
however, it will be advisable to study the detailed description of how to 
ascertain with great acouracy the complete oonstant for the gauge tube 
graduated scale, G S, and then for the correction due to the simultaneous 
melting and forming of me in the calorimeter, 0, owing to its being sur¬ 
rounded by a freezing mixture (see previous figure and former editions of 
this book). 

Note 2.—The specific heat of an elementary solid (pure body) is inversely 
is 3 aoons^ntW^ ht ^or the specific heat multiplied by the atomic weight 
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. a Goal Calorimeters. —It is very important that engineers should have a 
simple, ready and aoourate instrument, whereby they may tost the correot 
values of the heat-producing qualities of different kinds of coal. In all 
complete and exact trials of steam plant, it is of the utmost importance to 
ascertain the pounds of water converted into steam per lb. of coal burned 
in the furnace. This proportion does not, however, give a definite idea of 
the actual heat units per lb. of coal consumed, since an indefinite amount 
of the total heat evolved may have been lost through radiation and con¬ 
duction to surrounding bodies, as well as through the flues and chimney. 
In order to find out whether the boiler is doing its duty, it is necessary 
to test samples of the coal independently of the boiler. This can only be 
done by the aid of a good calorimeter. 

William Thomson’s Coal Calorimeter.— In previous editions, Mr. 
Lewis Thompson’s Calorimeter or Fuel Tester was illustrated and de¬ 
scribed ; but owing to the fact, that 10 per cent, had to be added to its 
indicated heat units, in order that a more or less accurate approximation 



Index to Parts. 

C V for Calorimeter vessel. 

W ,, Water. 

T „ Thermometer. 

C C „ .Combustion chamber. 
PR Perforated base. 

PT ,, Porcelain tray. 

C S „ Coal sample. 

PW ,, Platinum igniting wire. 

Leads to battery. 

OT ,, Oxygen tube. 

G N „ Gauze nozzle. 

GO „ Gas outlet. 


Diagram of the William Thomson Coal Calorimeter or Fuel Tester. 


' might be arrived at, this method of igniting and burning the coal sample 
had to be improved, as well as the exact determination of the specific heat 
of each element of the apparatus. Mr. William Thomson, Analytical 
Chemist, the Royal Institution Laboratory, Manchester, has given great 
attention to this subject and brought out an improved calorimeter by 
keeping these special purposes in view. A diagrammatic or educational 
view or his apparatus, with an index to parts, is shown by the figure:— 
It consists of a glass vessel, C V, into whioh is placed a WoulfTs bottom* 
less three-necked bottle, resting upon a perforated metal or porcelain base. 
On this base is placed a porcelain or platinum t?ay, PT, containing the 
coal sample, C S, to be burned. This sample is ignited by pushing down 
the tube containing the + and — leading wires from an ordinary battery. 
The lower ends of these wires are connected to a platinum igniting wire, 
PW. Whenever this wire comes into contact with CS, the battery 
circuit is closed and the platinum wire beoomes white hot, thus setting fire r 
to the sample whose calprifio value has to be ascertained. - In 'order to 




Thomson's coal calorimeter. 
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keep up rapid combustion and to ensure that every particle of the sample 
is thoroughly consumed, a flow of oxygen under pressure is turned on to 
CS from the oxygen tube, 0 T. The lower end of this tube terminates in 
a cylindrical wire gauze nozzle, GN, to spread the oxygen and thus* 
prevent the too-rapid breaking-up or splitting of the sample. When the 
sample has been apparently consumed, as seen through the surrounding 
glass vessel, C V, containing the water, W, and the combustion chamber, 
C C, it is finally stirred up by the platinum wire, P W, in order to burn 

. ■ • • i.1__ 1 _ _j» __■ x _j _.1 il_*_ 


permits the head of water, W, in C V to press through the perforated base, 
P B, and to fill the combustion chamber, C C, so as to bring the water into 
intimate contact with the gaseous products of combustion (which are shown 
rising as bubbles through the water), as well as with everything that has 
been heated by the combustion of the small coal sample. 

The gradual rise in temperature of the whole of the water, VY, is now 
'noted by taking readings on the sensitive thermometer, T, which is 
graduated to about half-an-inch per degree Fah. into tenths and one- 
hundredths of a degree. The times in seconds are also noted by a stop 
watch, so that the highest mean temperature reached by the water may be very 
exactly determined This temperature is taken as the value, with which 
to make the following simple calculation of the calorific value , Cv, of the 
coal sample in British thermal units (B.T.U.). If all the heat which is 
generated by the burning of the sample be communicated equally through¬ 
out to the water and to the several things contained in it, and, if the 
highest mean temperature to which these attain bo exactly noted, as well 
as the equivalent value in " grammes of water.” Then :— 

The Heat Units given out hy Sample = The Heat Units absorbed by Water, dec. 

Or, Cv x w as W x t, 

The calorific value, Cv =-gm.-deg.-Fah. 

Where, to = Weight of coal sample in grammes. 

W = Weight of water + equivalent weight of water of the other 
things in it in grammes. 

t = Maximum rise of mean temperature of W in, say, degrees Fah. 

Note .—The following table gives the figures obtained for one of the William Thomson 
Coal C alorimeteis, as used for the following calculations 


Equivalent 
to Grammes 
of Water. 


Material Used. 

Weight 
in » 


Grammes. 



Glass of beaker=7’812 ozs. 
Glass bell, . 

Biass, * . . . , 

Platinum] 

S&3S3. : : 

Mercury, ... 
Thermometer glass, . 

water employed, . 


221*472 
48*016 
106 017 
12*998 
7*8496 
16*876 
1*184 
27*192 
4*161 
27*122 


*1977 

•1977 

*09891 

•11879 

*03244 

•1977 

•2 

'AOQO 

•1977 

•09616 


48*784 

9*492 

9*956 

1*478 

*238 

8*836 

*287 

•906 

*822 

2*681 

2,000*000 


Total material heated in the calorimeter equivalent to water, 
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LEOTURK IV. 


Example IV.—Suppose that the coal sample, to, weighed 2 grammes, 
that W, the weight of water, and the other things in it had the equivalent 
shown by the previous footnote—viz., 2,072*8 grammes—and that the mean 
maximum rise of temperature of W was 12*7° Fah. ; find the calorifio 
value, Cv, of the coal sample. * 

From the previous equation and formula, and substituting the given 
values, we get— 

„ 2072*8 x 12*7 

Or, * Cy --^- 

. •. Cv = 13.162 gramme degrees Fah. 

Hence, it follows that each gramme of such coal could give out 13,162 
gm.-Fah.° of heat; or, that each lb. of such coal if perfectly burned in a 
boiler furnaoe, and if the whole of its heat of combustion were transmitted 
to the water in the boiler, the water would receive 13,162 lb.-Fah.°, or 
B.T.U. of heat. 

Now, if it be desired to know what weight of boiler water this quantity of 
heat would evaporate, or convert into steam at atmospherio pressure, wo 
have only to know that water boils at 212° Fah. under these circumstances, 
and that 96*6 13. T. (7. are absorbed in converting every lb. of the water into 
steam; or, that the latent heat of steam (as will be seen later on) is 
966 B. T. U. Hence:— 

1 o i c\n 

Weight of water evaporated = -- " r- = 13*6 lbs. 


Of course, we do not get this splendid result in actual daily practice, even 
from the very best Welsh coal and w.th the most perfeot boiler ever made, 
but it is the aim and object of every good engineer to got as near to it as he 
can. In most cases, as we shall see later on, 10 to 12 lbs. of water evapo¬ 
rated from and at 212° Fah. per lb. of the good coal, having a calorific 
value of about 14,000 B.T.U., is considered good work. 

The Rosenhain Form of Thomson Coal Calorimeter.— The student 
should now have no difficulty in understanding the construction and action 
of the latest form of this instrument, as made by the Cambridge Scientific 
Instrument-Making Company, by aid of the following figures, index to 
parts, and concise description, as it involves no futfther principles than 
those just enunciated 

Construction and Manipulation of the Instrument. — As in the former 
apparatus, this instrument insists essentially of two main parts, viz.:— 
A polished brass box (instead of a deep glass jar), with a bottom and two 
diametrically opposite glass windows. This forms the containing vessel, 
CV, holding the water, W, and the combustion chamber, CO, in wi h 
the coal sample, CS, is burned. The combustion chamber, CC, consists ux 
an ordinary glass lamp-chimney, closed at the top and the bottom toy brass 
clamping plates, C P x and C P 2 , with rubber washers, R W. 

When the platinum or porcelain tray, P T, containing the ooal sample, 
C S, has been placed on the plate, C P 2 , and the three upright rods, U R, 
have been inserted into their lugholes in 0 P 2 » then (J C is put upon the 
lower R W, and the upper plate, C Pi, with its attachments, is laid on the 
upper end of' the combustion chamber. Three brass nutp, Are then 
c screwed upon the three upright rods, thus drawing the two end, clamping 
plates firmly into contact with the top and bottom rubber washers, R 
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by the first outside view), with the + and — terminals of a suitable electrio 
battery, giving about 6 volts, whioh is used to render inoandescent the 
platinum wire, PW, connected to the lower clips of W x , \V 2 . This 
platinum wire is for igniting the coal sample, C S ; and, as will be readily 
understood, it can be pushed down or pulled up through S B, so as to bring 


The upper plate, C P 2 , also carries 
outer end to an oxygen supply un< 
covered by a wire gauze nozzle, W N, 
ing and gently distributing the 
sample (when the latter has been 
num wire), in order to thoroughly 
fuel under test, without fracture, 
The upper plate, C P x , also carries 
worked by a cock and handle, H, 
let the water, W, into the combustion 
bottom inlet or outlet, BO, after 
sumed and after the oxygen is cut 




necessary oxygen to the 
ignited by the heated plati- 
burn up the coal or other 
as previously explained, 
a gas outlet, G O, which is 
so that, if it be desired to 
chamber, CO, through the 
the sample has been con* 
off, a little of the gas 


Ff I 

m-ioo* 



I' luiij'lilu 


KWH 








Rosenhain Form of Thomson’s (?oal Calorimeter. 

.Made by the Cambridge Scientific Instrument .Company. 

. Connected up to Battery ana Oxygen Supply, and Ready for Testing. 

/• 

products of combustion may readily escape by GO. Then the natural 
head of water, W, and the pulling up of the bottom Valve, BY, by the 
valve-lifter handle, V L, permits the surrounding water to enter the ’ 
combustion chamber, CSC, through B O and flood the whole interior of 
C C. At the same time* the products of combustion in C C partly esoape 
by BO when GOv is closed, and the whole of the water which has entered 
O' C may be forced out into C V by the application of oxygen from O T, so 
that the ^atmrsip CV can be brought into intimate eontaot with everything 
Jl^tbas been heated by the burning of C S. 
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MOT UBE IV. 



Index to Parts. 

W C for Wpoden casing or outside 
cover. 

OV ,, Calorimeter vessel 

6W „ Glass windows for CV. 

CS ,, Coal sample. 

PT ,, Porcelain tray. 

CC ,, Combustion chamber. 

OPi, o » Cover plates for top and 
bottom of C C. 

R W ,, Rubber washers for C C. 

UR „ Upright rods. 

N ,, Nuts for UR. 

BJ ,, Ball joint. 

SB „ Stuffing-box. 

L T „ Leading-in wire tube. 

W lf W 2 ,, Wires to PW. 

— „ Leads to battery. 

P W „ Platinum wire igniter. 

OT „ Oxygen tube. 

WN „ Wire gauze nozzle. 

BO „ Bottom outlet or inlet to 
chamber, CC. 

BV „ Ball valve for bottom 
outlet and inlet. 

Y L ,, Valve lifter for B V. 

GO,, Gas outlet. 

" H „ Handle for G 0. 

T ,, Thermometer. 

W ,, Water in CV covering 
the combustion cham¬ 
ber, C C. 


Vertical Section and Plan, with Index to Parts, of the previously 
: X Illustrated Rosenhain-Thomson Coal Calorimeter. 
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The thermometer, T, is now read as previously described in explaining 
the Thomson instrument. This thermometer is graduated into degrees 
Centigrade and subdivisions, so that 0*01°, C. may be correotly read. 
Another thermometer, graduated to 0*01° C., is also used for the purpose of 
taking the temperature of the atmosphere and of the oxygen supply in the 
oxygen wash-bottle, as seen to the extreme right of the first figure ; whilst 
the ordinary water supply bottle and a 1,000 o.o. measure, for holding 
the necessary water is seen on the left of that figure* It will be observed 
from this figure, the vertioal . section and plan, and the next 

figure, that the containing vessel I is surrounded with a loosely- 

fitting wooden case for the I purpose of preventing currents 

of air carrying off heat by | radiation from the polished 

brass box window-fitted con- LI iaining vessel, CY. 


Kosen IIAIN -Thomsok Coal Calorimbter, showing Forms A and B 
Made by the Cambridge Scientific Instrument Company. 

• 

This casing is dispensed with in the cheaper and simpler form, B, 
shown on the right hand of the above figure. Also, in this form, the 
products of combustion, tlio aperture or bottom outlet, BO, communi¬ 
cates directly with the water, W, without the intervention of a ball valve, 
B V, for the gas pressure in CC, can be made sufficient to keep out or let 
in the water, W, as required. 

Accuracy of'the Instrwnent .—Full instructions how to use these calori¬ 
meters ate supplied by®the makers with each instrument. They state, 
that the complete combustion of a small compressed cylinder of coal takes 
from 7 to 15 minutes, according to its weight, by aid of this instrument, 
whilst less than J per cent, of the. sample escapes being thoroughly burned, 
and that po carbon monoxide need be formed when the supply of oxygei^ 
fcc. f is pr^pejly .regulated. Jt is worth noting here, however, that after 
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LECTURE XV. 


the maximum reading of the thermometer, T, has been observed (by taking 
the values at stated short intervals after the water has been finally expelled 
from the combustion chamber), the entire instrument is allowed to cool, 
with a slight current of oxj r gen passing through it for a period of time 
equal to half of that which has elapsed between the commencement of the 
combustion and tho maximum reading of the thermometer. Then, the fall 
of temperature during this time is added, as a radiation correction, to the 
apparent rise of temperature observed between the initial and maximum 
readings of the thermometer. 

Here, in this instiument, we see, that the thermometers used are 
graduated to the Cent, scale, and that the weight of the coal specimen is 
taken in grammes, whilst the times are observed in seconds. Hence, 
everything is noted in accordance with the truly scientific and now 
universal centimetre - gramme - second system of carrying out accurate 
physical or electrical experiments. 

Example V.— 

Let W = 3,270 gms. of water (for the whole instrument, as before). 
w » l a 425 gms. for weight of coal specimen. 

/ = 3*34° C. for appaient rise of W + *08° C. for radiation 

correction. 


Then, since the calorific value, Cv, must be in gramme degrees Cent., or 
French calories, we get, by the same reasoning and formula as before— 



3,270 x 3*42 
1*425 


= 7,850 C.G.S. calories. 


But, since a degree Cent, is equal to { of a degree Fah., we have only to 
nrnUij>l^ 7,850 by 9 and divide by 5 in order to get the result, 14,130, 

Gas and Oil Caloiimeters,— In view of the fact, that gas and crude 
mineral oils are now frequently burned instead of coal for generating 
steam in boilers, as well as for producing power in gas ongines, it is import¬ 
ant that engineers should be able to measure accurately their calorific values. 
The principle and the action of calorimeters adapted for this purpose will 
be readily understood from what has been stated in this lecture. The heat 
generated by the flame of the burning gas or oil is transmitted to a current 
of water flowing at a constant rate in a somewhat similar way to that 
of a surface steam condensei. Then, measurements are simultaneously 
taken of— '' 


(1) The quantity of gas or oil burned in a certain time; 

(2) The quantity of water passed through the calorimeter in the same time; 

(3) The constant or mean 1 difference of the temperature in degrees of the 
water on entering and leaving the apparatus diu mg the experiment. 


Junkers Gas and Oil Calorimeter.— The general arrangement of the 
whole apparatus, as set up and ready for a gas teBt is shown by Fig. 1 witi. 
its index to parts. A vertical section and sectional plan through the 
calorimeter vessel is explained by Fig. 2 and its index to parts. Finally, 
Fig. 3 shows a special burner for testing the calorific value of oil%* spirits 
ana other liquids. ? / 

Testing Gases.— From the general view in Fig. 1 and secticu&lmaws in 
Fig. t 2, it will be seen, that the gas to be tested is measured for qu$3tity by 
ages meter, GM, for temperature by a thermometer, T lt and for pressure 
Jjy a meter, P M, and gauge, P G, before it enters the burner* B, in the 
'WOriraeter vessel, 0 V. The heat produced frQm the flafhe, F, tfhioh twes 
.. 
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from the burner, strikes the inside »of ,the combustion chamber, 00, and 
the heated gases, H 0, turn round near the top of this chamber and enter 
the upper ends of a series of vertical tubes surrounded by water. These 
cases flow down the tubes and give up their heat to the water before 

•_ HmAwi- MAH AM+1a+ n 


The cold water is led by the water-supply pipe, W S, to an elevated 
cistern, from which it gravitates through the C W pipe to an adjustable 
tap, A T, where its temperature is taken by the thermometer, T 2 . It then 
flows upwards and around the numerous heated gas tubes, H G, inside the 
calorimeter vessel, C Y. The heated water, H W, is thus forced up through 
a series of divisional or disc plates, D P, in order to thoroughly mix it and 
enable the thermometer, T 8 , to register the temperature wnich it has 
attained from the heated gases. The hot water overflow, H W 0, then 
passes into a soil-pipe funnel until the difference of temperature, as found 
by T a at the inlet and at the outlet by T s , becomes constant, when it is 
turned into a water measure, WM. The other and smaller water 
measurer, W M, is for the purpose of collecting any condensed vapour 
from the inside of the containing vessel, C V. For every cubic centimetre 
of water collected in this smaller vessel an allowance of 0’6 calorie must 
be made and deducted from the gross value, as shown by the example. 

Testing Oils .—The only difference between the arrangements for testing 
the calorific values of gases and oils, or other liquids, lies in the burner. 
For this purpose a special arrangement has been provided, as shown by 
Fig. 3. The liquid is contained in an oil reservoir, OR, which has a 
screwed top or nipple, n , connected to a force air-pump for the purpose of 
driving the liquid up to the burner, B. The whole of this special burner 
and its fittings can be suspended from one arm of a balance whilst the 
flame is playing up inside the combustion chamber, CC, of the calorimeter 
previously described. By taking off a weight from the scale pan Bide 
equal to the desired amount of oil to be burned, the balance will show 
when this quantity has been consumed by its pointer arriving at zero of its 
scale, then the experiment can be stopped and the calorific value of the 
consumed oil ascertained with the same accuracy, and in the same way as 
now to be described for gases. 

Example VI.— 

Let Cv = Calorific value obtained from the burned gas or liquid. 

,, W = Weighjj of water passed through the apparatus and heated. 

- ,, t = Temperature difference of inflow and outflow water. 

„ G =3 Gas or oil burned during the test. 

Then, Cv = calories or heat units per unit of gas or oil burned. 

' . > VI 

Suppose that the following results were obtained :— 


Gas Meter. 




Hot Water by T* 

Water Passed. 

26-77° C. 

# 

2 litres. 

« 


oubio foot } t = (T,- T s ) = (26*77 - 8-77) — 18° 0.; 


. §>4og 


rammes. . 
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Hencej Cy 


Wf 2x18 

"ST 88 «344 *■ 1^*85 (large) calories per cb. ft. of gas burned. 


Now, if it has been found, that 2 cubic feet of gas, when burned, caused 
53 c.c. of water to become condensed and drained into the small water 

Index to Parts. 

GI for Gas inlet. 

Tj, 2 , 3 ,, Thermometers. 

G M „ Gas meter. 

GP ,, Gas pipes. wo 

PM „ Pressure meter. r - 

P G ,, Pressure gauge. 

B ,, Burner. 

CV ,, Calorimeter vessel, 

G 0 ‘„ Burnt gas outlet. vvo 

W S ,, Water supply. 

WO ,, Watoroverflow. 

C W „ Cold water supply. 

AT ,, Adjusting tap. 

DC ,, Drain cook. 

HWO ,, Hot water outlet. 

WM „ Water measures. 


I 


ST 


HWO 


i». ■. 




HWO 


i!r 


W I: 


B 
c ~i 
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Mil i 


Rtf 


rf /, lV 


=r 


" 31 : 


Fig. 1.—Junkers’ Gas and Oil Calorimeter. 

In Complete Working Order. 

(By Hermann Kilhne, Limited, London.) 

measure, W M, its calorific value per cubic foot of gas consumed will be, 
as previously explained:— 

0*6 x 53 o i • 

- 2 -- 15*9 calories. 

Henoe, the net calorific value per cubic foot £f the gas in the present 
instance will be— 


£nd, 


(104*65 - 15*9) = 88*75 (large) calories. 

* ■ ? = 160 B.T.U. ^approximately). 
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Index to Parts. 

For Fig. t. 

C W for Cold water. 

AT ,, Adjustable tap. 

DC,, Discharge cock. 

To ,, Inlet thermon.oter. 
CV „ Calorimeter vessel. 
HW ,, Heated water. 

DP ,, Disc plates. 

T a ,, Outlet thermometer. 

B ,, Burner. 

P „ Flame. 

C 0 „ Combustion chamber. 

HG ,, Hot gases passing do wn 
through the vertical 
tubes. 

GO ,, Gas outlet for spent 
gases. 


For Fig . 8. 

B for Burner. 
OR,, Oil reservoir. 
n „ Nipple. 



Fiq. 2.—Vertioal Section and Plan 
ot Junkers’ Calorimeter. 


Fig. 3.—Special Burner fob' 
Testing Oil Fuels witn 
Junkers’ Calorimeter. 
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Calorific Values of Coals and Oases from their Chemical Analysis. 

—If we obtain a correct analysis of any coal, gas, or oil and refer to a table 
of the heat units per lb. or per gm. for each element contained therein, we 
can calculate the approximate calorific value of the coal, gas, or oil, but 
this method of arriving at the result is now giving way to the more prac¬ 
tical and direct calorimeter measurement just described.* 

Example VII.—Taking the following formula, as used by Messrs. Brame 
and Cowan in their “ Comparison of Different Types of Calorimeter,”' and 
applying the same to their analysis of a sample of coal, where— 

Carbon (C) . . . = 90*09 °/ 0 Hydrogen (H) = 3*85 °L 

Sulphur (S) . . . = ^77 ,, Ash . . — 1*68 „ 

Oxygen and nitrogen (O+N) = 3*61,, 

We get the calculated calorific value, Cv, in large calories by the formula 

Ct = 150 [ 8 ’ 140C + 3 4 >?Oo{h - (0 + ^) - * } + 2,220Sj. 

Cy = 8,567 calories = 15,421 B.T.U. 

This high value was only 0*7 per cent, lower than their best result by 
experiment with the Mahler Calorimetric Bomb, but it was 0*9 per cent, 
higher than their greatest with the William Thomson Calorimeter. 

Specific Heats of Gases. — It is important, and in fact neces¬ 
sary to distinguish between the specific heat of a gas at constant 
pressure and its specific heat at constant volume. 

The specific heat of a gas when kept at constant pressv/re is the 
quantity of heat required to raise unit mass thereof one degree in 
temperatu/re . In this case, the gas is considered in the same way 
as that in which we defined the specific heats of liquids and 
solids. For example, the specific heat of perfectly dry pure air 
under this condition is 0*2377, or approximately *238, at all 
temperatures and pressures. 

The specific heat of a gas when kept at constant volume is the 
qucmtity of heat required to raise unit mass thereof one degree in 
temperature . Under this condition the specific heat of perfectly 
dry pure air is represented by the number 0*1688, or approxi* 
mately 0*17. 

. . *238 . . 

air 18 Tf = 1-4, 

and this ratio is practically the same for the other gases which, 
cannot,be. readily condensed into liquids. It may also be con¬ 
sidered as approximately true, in regard to both these ways of 

* See different books on Gas and Oil Engines, such as Bryan Donkm’s, 
published by Charles Griffin So Go., and JProftLsor Perry’s Steamy Qas , 
and OUyEnginea, under "Combustion and Fuel.” Also see “Comparison 
of Diffet|>nt Types of Calorimeter,” by J. S. S. Brame and Wallace A. 
uCSpwanv^fe No. 22, vol. xxii., of the Journal qf the Society €htmicai 
November 30, 1903. 


The ratio of these two specific heats for dry 
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SPECIFIC HEATS OF STEAM. 

1 n i 

es timat ing the specifio heats of gases which, cannot be readily 

liquefied , that. 

(1) The specific heat of a definite gas is the same at all 

temperatures and pressures. 

(2) The specific heats of different gases are inversely as their 
densities, when the latter are compared at the same temperature 
and pressure. Or, the thermal capacities of equal volumes of 
different gases are equal at the same temperature and pressure. 

specific Heats of Steam.* —As stated in the footnote to Table 
II., Lecture VII., on the “ Properties of Dry Saturated Steam,” 
the specific heat of superheated steam is usually taken at 
Begnauit’s estimate of 0*48. His experiments consisted in 
determining the total heat necessary to raise water from 32* F. 
or 0* 0. to temperatures of about 120° 0., and to 220° C. under 
the constant pressure of the atmosphere , then taking the differences 
of these two experiments as being the heat necessary to raise 
water from 120° C. to 220° C. This involves the assumption 
that steam of 20° O. (pr 36° F.) above the boiling point is in the 
condition of steam gas. Later researches indicate, that the 
specific heat of steam for a small amount of superheat is greater 
than for the higher superheats now adopted with steam engines. 

Experiments are being conducted at present by the Beichs 
Anstalt, Charlottenburg, Berlin, and by the British National 
Physical Laboratory, but their results were not ready for 
publication when this 14th Edition was issued. 

•See Mim. Acad. Set., vol. xxvi., pp. 170, 909. Also, Proc. Lit. and 
Phil. Soc. of Manchester, 1897; and Scientific Papers, by Prof. Osborne 
Reynolds, P.R.S., vol. ii., p. 65, on “ Methods of Determining the Dryness 
of Saturated Steam and the Condition of Steam Gas.” See also Report oj 
the British Association for 1897, p. 554, on “The Specific Heat of Saturated 
Steam,” by Prof. J. A. Ewing, F.R.S., and Prof. S. Dunkerley. 
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Lecture IV.— Questions. 

1. What do you mean by the quantity of heat in a body, and how is it 
measured ? 

2. What is the unit of heat adopted in Great Britain? How many units 
of heat are imparted to a cubic foot of water (62*5 lbs.), on raising it from 
60° to 212°F. t also to 1 lb. of copper ? Ana. 9,500, and 14*44. 

3. Define and show the difference between the terms “ capacity for 
heat” and “ specific heat” of a substance. Suppose a substance was given 
to you to find its specific heat, how would you conduct the experiment? 
Give an arithmetical example. 

4. If 1 lb. of platinum is plunged into 1 lb. of water at 50°F., and the 
resultant temperature of the water is 112° F., what was the original 
temperature of the platinum ? Ana. 2,025*5° F. 

5. If 2 lbs. of copper at 500° F. are plunged into 4 lbs. of water at 
60° F., what will be the resulting temperature ? Ana. 80° F. 

6. Define “specific heat.” Deduce a formula for determining the re 
lation between the masses, specific heats, &c., when two substances are 
mixed together. A piece of platinum, weighing 1 lb., is suspended in 
the hot gases of a furnace whose temperature has to be ascertained. After 
being heated to the temperature of the furnace it is taken out and plunged 
into 2 lbs. of water at 49° F. The resulting temperature of the mixture 
iB found to be 100° F. Determine the temperature of the furnace, having 
given specific heat of platinum = 0 034. Ana. 3,100° F. 

7. Sketch and describe the principle and action of Thomson’s coal calori¬ 
meter. Explain clearly, why the “water equivalent” of each item therein 
which is subjected to heat from the burnt specimen of coal must be 
accounted for if accurate results are to be obtained by this instrument. 
Show how these are arrived at and how the total “water equivalent” is 
computed. 

8. The total “water equivalent” of a Thomson’s coal calorimeter is 10 
lbs., the weight of the coal specimen is 0 01 lb., and the maximum rise in 
temperature of the water, &c., is 10° F. What is the heat value of the 
specimen in B.T.U. per lb. of coal and in calories per kilogramme? Calcu¬ 
late how many lbs. of water every lb. of this coal would convert into steam 
at and from 212° F., if the combustion was perfect 4ind if all the heat 
therefrom entered the water. 

9. Sketch and describe concisely the construction and action of the 
Rosenhain-Thomson coal calorimeter. If the “ water equivalent” in this 
case be 4 kilogrammes, weight of specimen 2 grammes, apparent rise in 
temperature of water 3 9° C., and the radiation correction 0*1° C.; what is 
the calorific value of the coal in C.G.S. calories and inB.T.U.? What 
weight of steam would this coal raise at and from 100° C. ? 

10. Define the two ways of reckoning the specific heat of gases. Is the 
specific heat of a gas supposed to be the same at all temperatures and 

S ressures? How does the specific heats of different gases vary with their 
ensities? What do you know about the specific£heats of wet, saturated, 
and superheated steam ? 

11. Sketch and describe Junkers’ calorimeter, and explain how itda used 
for ascertaining the calorific values of gases, oils, or other oombujBles. 

9 12. Explain and give an example of how the calorific valuedWoombus- 
tiy©s e may be obtained from their chemical analysis. 
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13. How do we determine approximately the calorific value and the 
quantity of air required for the complete combustion of any combustible 
gas of which we know the chemical composition ? What is your notion of 
the construction of a contrivance which would enable us to measure the 
calorific value? A coal contains 84 per cent, of carbon, 6 per oent. of 
hydrogen, 1 percent, of oxygen. What is its calorific value? Take the 
calorific value of carbon as 14,500 and of hydrogen 4*28 times that of 
carbon. How much water at 60° F. will 1 lb. of this fuel convert into 
steam at 212° F. ? (S. & A., 1897, Adv.) 

14. Given the following analyses of different samples of coal. Calculate, 
by Sfid of the formulae in this lecture their respective calorific values in 
calories and B.T.U.:— 



} 15. What are the ultimate constituents of a steam coal upon which .the 
value of the fuel as a heat-producer depends ? Describe the important 
chemical actions which take place during the combustion of coal, and 
obtain an expression for the calorific value of the fuel, and for the amount 
of air required theoretically and in practice for the complete combustion of 
a coal containing given proportions of carbon, hydrogen, and oxygen; 
hence determine how many lbs. of water at 62° F. could be theoretically 
evaporated into steam at 212° F. by the complete combustion of 1 lb. of a 
coal containing 84 per cent, of carbon, 5 per cent, of hydrogen, and 1 per 
cent, of oxygen, and what would be the minimum weight of atmospheric 
air that would be necessary to completely burn each lb. of such a coal? 
(S. & A., 1897, Hons.) 

16. A pound of fuel contains:—Carbon, 0*886 lb. ; hydrogen, 0*041 lb.; 
and oxygen, 0*028 lb. What is its calorific value without deducting for 
the latent heat of the steam produced ? If, in a perfect boiler the gaseous 

E roducts weigh 12 lbs., their average specific heat being 0*238, and the 
oiler steam is at 341° F. while the boiler-room is at 60° F., what per¬ 
centage of the whole heat is necessarily carried away ? If the feed is at 
60° F., how many lbs. of steam would be produced by a perfect boiler? If 
a common boiler at the same pressure produces 9 lbs. of steam per lb. of 
fuel, what is its efficiency? (B. of E., 1898, H., Part i.) 

17. In a boiler trial, a continuous collection is made of samples of the 
furnace gases as they leave the boiler, and a volumetric analysis of the 
samples collected gives the following figures:— C0 2 = 10*35 per cent.; 
0 = 8*10 per cent. ; N = 81*55 per cent. The coal used during the 
trial has 87*3 per cent, of carbon, 3*7 per cent, of hydrogen, 1*4 per 
oent. of oxygen, 2*3 per oent. of nitrogen, and the rest is ash. Find 
how many pounds of i$v have been admitted to the furnace per 
pound of coal burnt. Also find, given that the air temperature during 
ttatildfcwaa 61° F., and the temperature of the escaping furnace gases 
F.flKe Iosb in thermal units in the waste gases per pound of coal 
burnt, m^pecific hdit of C0 9 = 0*217. of O = 0*218, and of N = 0*244., 
(0. A G„ 1901, H., Sect. B.) , 
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LECTURE V. 

Contents. —Transfer or Diffusion of Heat — Radiation—Conduction- 
Convection— The Ebullition and Circulation of Water in Steam 
Boilers - Questions. 

Transfer or Diffusion of Heat;—It was explained in the last 
lecture, that equality of temperature between two bodies exists, 
when there is no tendency to a transfer of heat from either to 
the other. We saw also that, when their temperatures differed 
in the slightest degree, there is a tendency to an equality of 
temperature, by a transfer of heat from the hotter to the colder, 
and that this tendency is greater, the greater the difference of 
temperature between the bodies. 

Rankine states that the rate at which the transfer of heat takes 
place between two bodies, at unequal temperatures, depends— 

“ First. On the tendency to transfer heat, increasing as some 
function of the two temperatures and their difference. 

“ Secondly. On the areas of those parts of the surfaces of the 
bodies through which the transfer of heat takes place. In most 
of the cases which occur in practice, those areas are equal, and 
then the rate of transfer of heat is directly proportional to their 
common extent. 

“ Thirdly. On the nature of the material of each of the bodies, 
and the condition of their surfaces. 

“Fourthly. On the nature and thickness of the intervening 
substances, if any. Increase of that thickness diminishes the 
rate of transfer of heat. 

“ The transfer of heat takes place by thre$ processes, called 
respectively, radiation, conduction , and convection. 

“ Radiation of heat takes place between bodies at all distances 
apart, in the same manner and according to the same laws with 
the radiation of light.” * 

Radiation.—To illustrate the radiation of heat from one body 
to another, take a common poker, heat it to redness in the fire, 
and hold one hand a few inches from the heated end, as shown 
in the figure. 

■-v ■. '.The hand experiences the sensation called heat, owing to the 
transfer of the same in straight lines from the hot poker, as it 
>w.ere by radial vibrating rays of heat energy. /• 

* From Rankine on The Steam Engine , p. 257* 
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Another common, But interesting illustration, is that of 
making a convex lens of ice, by pressing a heated concave 
Bcale-pan of a balance on a block of ice, and holding this lens 
between the sun and your coat at the proper distance, so as - to 



focus the heat rays on the same. The lens of ice as well as the 
air will be scarcely affected by the heat rays passing through 
them, while the coat will soon be burned. 

An even still more interesting and striking experiment, due 
to Professor Tyndall, is that of focussing the heat rays from the 
sun or a strong electric arc light on the interior of a block of ice. 



The heat rays pass through the mass of ice without apparently 
affecting it, except at the point where they meet; here the ice 
very Boon becomes melted. 

The phenomenon of radiation consists, therefore, in the trans* 
mission of energy fr^m one body to another by propagation 
through the intervening medium, in such a way that the progress 
of the radiation may be traced, after it has left the first body 
and before it reaches the second, travelling with a certain velocity 
and leaving the medium behind it in the condition in which it 

















64 


LECTURE T. 


all of the same thickness and superficial area, and subject them 
all on the one side to a certain temperature, and on the other 
Bide to the same number of degrees more or less. , ■ 

Definition.— The thermal conductivity of a body at any temper¬ 
ature te the number of units of heat which pass, per unit of time, 
per umt of surface, through am infinite plate (or layer) of the 
substance, of unit thickness, when its sides are kept at temperatures 
respectively half a degree above and half a degree below that 
temperature (Tait). % 

Although the abore definition is perfect, in as far as it lays 
down theoretically a thoroughly systematic way in' which the 
relative conducting powers of different substances may be 
compared, it is found practically impossible to realise experi¬ 
mentally such simple conditions. 

The methods chiefly employed for measuring thermal con¬ 
ductivity depend ultimately upon observations of the temperature 
of the body at different parts of its mass. 

The temperature effects of a given quantity of heat are 
inversely as the capacity for heat of the body; hence, what is 
directly deduced from such experiments is not the thermal 
conductivity as just defined, but its ratio to the capacity for heat 
of the body.* Thus, these experiments require in addition, the 



Forbes’ Experiment on Cojcduotiyity. 


IB for Iron bar. MLtfor Melted lead.. 

IS Insulating supports. GB „ Gaa burner (Wind). 
Ti,Tj ... T u „ Thermometers. 8 ' 

.* This is termed Thermometric Conductivity by Maxwell and Dirrcsivrrr 
, by Sh William Thomson (pee tables a* end of Conduction). 
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determination of the specific gravity and of the specific heat of 
the body. .. . # „ 

Principal Forbes’ well-known experiments on the conductivity 
of iron* are the most trustworthy, and will illustrate what has 
been written and show the student how experiments might be 
carried out on other metals. 


A long bar, IB (in Forbes’ experiment, 8 feet by 1J inch 
square), fixed on non-conducting or insulating supports, IS, has 
one end inserted into a pot of melted lead, M L, or solder, kept at 
a constant temperature by the Argand gas burner, G B. The bar 
has small holes drilled in it, into which the bulbs of the various 
accurate thermometers, T 2 , T 8 . . . T n , are introduced, a little 
mercury being poured into the holes so as to form good contact 
between the bulbs of the thermometers and the bar. The bar is 


first brought to a uniform temperature, by being left in the 
laboratory all night without the application of heat. The end is 
then inserted into the bath of melted lead, and the rise in 
temperature noted by each of the thermometers, those nearest 
to the bath beginning to rise first, and then the next, and so on 
to the last, until finally each of them arrives at a fixed temper¬ 
ature, with a gradual fall between each, graphically represented 
in the figure by the length of the thermometer stems. The 
quantity of heat which now passes per minute across any 
particular transverse section of the bar is constant, and is equal 
to the product of the cross area, the conductivity, and the fell of 
temperature at that section. Hence, the quantity of heat passing 
is expressed by a definite multiple of the unknown conductivity. 
But that heat does not raise the temperature of the bar beyond 
the section in question, for the temperature has become 
stationary, owing to just as much heat passing into the air by 
cooling ns flows into the bar from the leaden bath. To find this 
rate of cooling, a ghort bar of the same cross-section and material 
as the long one, with a thermometer stuck into it, is highly 
heated and allowed to cool, the rate of cooling being noted by 
taking frequent readings. a< exactly equal intervals of time —say 
every half-minute. The heat lost per minute per unit of length, 
at each temperature, within the range employed, is thus ob¬ 
tained, and a calculation made of what the long bar lost at any 
particular oross-seotion. 

Principal Forbes found by his experiments that the cpnduo- 
tivity of iron for h^at, like its conductivity for eleotricity, 
diminishes with a rise of temperature. This similar effect on 
the two forms of energy, heat and electricity, does not appear 


*Tran*. Boy, Soc. 1Mm., 1861-2. 


5 
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however to be common to the other metals experimented upon 
by Professor Tait; but, as he remarks, “the whole subject, as 
far as experimental details are concerned, is still in a very crude 
state.” 

The value of k in the following expression gives the thermal 
conductivity of a substance at a given temperature in accordance 
with the definition:— 

Q = jfeA^.T, 

X 

% 

Where Q denotes the Quantity of heat that flows in time, T. 
A „ „ Gross area, or the area of each of the 

opposite faces of the plate. 
x „ „ Thickness of the substance. 

t v t 2 „ „ Temperatures on each side of the plate. 

From which we see, as has been already remarked, that the 

quantity of heat which flows by conduction through any sub¬ 
stance is directly proportional to the area, and to the difference 
of temperature between its faces, and inversely proportional to 
the thickness. 

In most experiments the value of the thermal conductivity 
constant, k } is given in accordance with the centimetre, gramme, 
second, or O.G.S. system of units, and not in the more familiar 
English foot-pound-minute system. The engineering student 
will find the following table, taken from the best source—viz., 
Sir William Thomson’s article on “Heat” in the JEncyclopcedia 
Jiritannica , 1880 (where the values for the constants, A, c, and 
k 

—, are all in O.G.S. units), of considerable interest. From these 

results, we see that the thermal conductivity of copper is 500 
times that of water, and 20,000 times that of air, while iron is 80 
times that of water, and 3,500 times that of air. These are 
important facts to bear in memory, for it shows us that the 
transmission of heat frjm the radiant burning coal or charcoal 
in our furnaces or domestic fire-places on one side of a boiler¬ 
plate, kettle,* or frying-pan, to hot water, steam, or melted fat on 

* 

# The late Mr. Poulis, M.Inst.C.E., General Manager of The Glasgow 
Corporation Gas Works, has found, in connection with his numerous experi¬ 
ments on water-heating apparatus for houses and railway carriages worked 
by gas flames, that thin cast-iron transmits heat more rapidly and effectually 
to water than copper or other smooth metals tf the same thickngr* and 
area. This is probably due to the numerous small rough pointjlop the 
Surface of the cast-iron next to the water taking up the heat vibranbna and 
communicating them to the liquid more thoroughly than the much smoother 
# surface of copper or wrought-lrop—4- /. 
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Dotusitities (Thermax, Material, and Electric), 


Substance. 


Copper, 

Iron, . . 

Air, * . 

Oxygen, 
Nitrogen, 
Carbonic oxide, 
Carbonic acid, 
Hydrogen, • 
Underground 
strata (rough 
average), 
Wood, . 
Water, . 


Thermal Thermal Capacity 
Conductivity. of Unit Bulk. Diffusivity.* Authority. 


0-91 

0*16 






0 000038 
0-00034 


00005 



0-845 

0-875 

0 000307 

• 

0 000428 
0 000307 

0-5 




1-00 


1-077 

0-185 

0-16 

0-088 8 
1-12 

001 


■ 


0*0013 
•002 2 


Clausius and 
Maxwell, 
according 
to kinetic 
theory. 

Forbes and 
W. Thomson. 


J.T.Bottomley. 


What Clerk Maxwell calls Thermometric Conductivity. 


the other side, goes on as if the thermal conductivity of the metal 
were infinite, or, in other words, the resistance to the transmis¬ 
sion of heat through the metal, is as nothing compared to the 
resistance which it meets with from the liquid or gas. 

It is important that the engineer should appreciate the relative 
conducting powers of the different metals that he has to deal 
with. For instance, the fire-box of a locomotive is made of 
copper in preference to iron, partly on account of its greater 
conductivity and partly on account of its withstanding the de¬ 
structive action of the fire. Mild steel is, however, now being 
largely used. Has any one yet tried the relative conductivities 
of the two 1 * Again, the outside of boilers and cylinders are 
carefully lagged with some bad conducting substance, so that as 
•little heat as possible may escape therefrom. The following table 
gives roughly the relative conducting powers of a few of the 
more common metals:— 


*1 rar 


Substance. 

Copper, 

Brass, . 

Zinc, • • 

Iron, 

German Silver, 
Water, , . # 


Balative Conductivity. 

. 100 

f and upwards, according 
30 i to percentage of copper 

30 1 * ^ 

16 

10 

0-2 


w I asf unable to find a good and reliable table of the conducting powers 
of most of the metals. This subject requires to be taken up ana experi¬ 
mented upon_ A. J, 
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As it is frequently of importance to engineers to know the 
relative conducting powers of bad conductors for purposes of, 
lagging boilers, steam pipes, and cylinders, we extract the 
following table, taken from The Proceedings of the Philosophical 
Society of Glasgow for 1884, by J. J. Ooleman, F.O.S. (the inven¬ 
tor of the well-known Bell-Ooleman freezing machine). The 
experiments are the latest, and were carried out with great care* 
by means of a modification of the Lavoisier Calorimeter:— 

Relative Conducting Powebs foe Heat. 


Silicate cotton, 

. . 100 Charcoal, 

. 140 

Hair felt, 

. • 117 Sawdust, 

. 103 

Cotton wool. 

. . 122 Gas-works breeze, 

. 230 

Sheep’s wool, 

. , 136 Wood and air space,* . 

. 280 

Infusorial earth, . 

. 136 



Convection.—When the application of heat to a fluid causes it 
to expand or to contract, it is thereby rendered rarer or denser 
than the neighbouring parts of the fluid; and if the fluid is at 

the same time acted on by gravity, it 
tends to form an upward or downward 
current of the heated fluid j this is ac¬ 
companied with a current from the 
more remote parts of the fluid in the 
opposite direction. This action iB 
rendered very apparent by the follow¬ 
ing simple experiment:— 

Take a flask partially filled with 
water, mix a few grains of bran with 
it, and apply a lighted spirit-lamp to 
the bottom of the flask. In a few 
minutes the water will be seen to 
circulate in the direction shown by 
the arrows in figure 1 . • The water nearest 1 
the flame is rendered lighter, and, there¬ 
fore, rises upwards, while the denser 
water falls under the action of gravity, 
to be in turn heated and raised. The 
actual transfer of heat throughout the 
water takes place by conduction, but the diffusion is much 
assisted by the motion of the fluid, or convection currents, as 
they are termed. 

f . * Wood and air spaoe, although the best hd*t conductor in the list, is 
Often used as a non-oonduotor lagging for boilers, &o., on aooount of its 
cheapness and ease of applioationTbut it is not a safe lagging sfbr marine 
* boilers, for it has been known to takqfire, e.g., in the aa - JoluvLPender," 
*' one of the Eastern Telegraph Company’s cable repairing steamer£m whioh 
jthe author frequently sailed as chief electrician. Charcoal, if only U* thick, ’ 
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- The following experiment is also very instructive:—Take a 
test tube filled with water (left hand, Fig. A), and apply a spirit 



lamp near the surface of the water. You may hold it there for 
ten minutes or more, and the water at the bottom of the tube is 
scarcely perceptibly warmer than at first. Now apply the lamp 
to the bottom of the tube (right hand, Fig. B); in a few minutes 
the water begins to boil. Why this difference 1 The convection 
currents set up, have assisted the naturally bad conducting 
power of the water by bringing, in turn, every portion of it into 
close proximity with the source of heat (see Fig., p. 70). 

' It is for the reasons just mentioned, that the fire-place in a boiler 
is placed near the bottom instead of near the surface of the water, 
and it is of great moment not only to give a free and easy path for 
convection currents in boilers, but to stimulate them by such appli¬ 
ances as hydro-kineters. The better the circulation of the water in 
a boiler, the more rapidly will it be heated and the steam generated. 
•In many boilers (sufch as those used on board steamers) the internal 
construction is so mixed up with tubes and stays, that the water 
has great difficulty in passing from out-of-the-way comers to 
the more highly heated parts over the flues; and, if circulation 
is not assisted, the convection currents “ short circuit,” as it were 
(to use an electrical term), and thus leave the more remote por¬ 
tions in comparative chill. For a similar purpose, large boiler 
flues are provided with “ baffling plates,” to compel the hot gases 

is not suitable for boiler lagging, for in the b.b. “ Volta," belonging to the 
same Company, a temperature of about 180° F. was observed on the surface 
when coated to that depth. This lagging was removed, bnt it might have 
done very-well if put on thicker, say 3*. Leadbetter & Company's self¬ 
setting n%-conducung composition, which looks very much like soft ohalk, # 
is said to So very well, and nas this advantage, that it can be laid on while 
the boiler is sold. Silicate cotton although the best non-coaduotor or heat* 
Insulator in the list, is deer and friable.—i«7 
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to take a circuitous course, in order that eddies may be formed, 
and for the further object of promoting a better mixture of air 
with the inflammable gases.; 

The art of promoting a good draught in a furnace, or of 
properly ventilating a building or a ship, depends upon pro¬ 
moting and guiding the convection currents in the proper 
direction, avoiding sharp bends and contractions. -The draught 
produced by a chimney depends directly upon the difference of 
the weights of the columns ofair (of the cross section and height 
of chimney), which descend to feed the fires and rise through the 
chimney. Hence the draught depends upon the height and the 
cross-sectional area of chimney, or difference of temperature 
between the gases at the bottom and top of chimney. 



Cross Section through the Combined Oval Flue or the Galloway 
Boiler, showing the Supposed Circulation of the Water due 
to the Conical Tubjss. 

i The Ebullition and Circulation of Water in Water-Tube Steam 
Boilers.— The following eleven figures will give students a 
very good idea of the circulation of water through the tubes 
and evolution of a water-tube boiler. These figures are taken 
from a lecture delivered at Cornell University by Mr. George 
H. Bab<?ookj with the kind permission of Messrs. Babcock <k 
WilooxI,, = 
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INTERFERENCE OF CONVECTION PREVENTING INTERFERENCE GEYSER-LIKE ACTION. 

Currents. By Dividing Convection Currents. 
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ivlMlijt:- 


Circulation through a 
u-Tduk. 


Imperfect Circulation 
With Horizontal Tubes. 


Inclined Heating Surface 
Causes Better Circulation. 


Increased and Inclined Heating Disadvantages op Large Uptake 

Surface Causes Still Better Circulation. By Permitting Cqnxra-Down Currents. 


























































Disadvantages of Placing Bxtqbv Bend§ Disadvantages of Different Cross 
Oi*i*ohitb the Ends ok the Tubes. Sections in ’he Flow ok Currents. 


Now, after studying these eleven figures, the student should, 
refer to the folding-plate and sections of the Babcock-Wilcox 
Boilers in Lecture XXVIII., where he will see the stage at 
present reached by the foregoing evolution or development of 
circulating water in tubular boilers. 

JLkctukk V.—Questions. 

1* What is meant by capacity for heat or thermal capacity? The specific 
heat of imrouiy being *033, liow much, at the temperature of 240° will 
bo sufficient to raise 12 lbs. ot water from 50° to 58° F. ? An*. 15*98. 

2. What will bo the relative capacities for heat of the same volumes of 
air, carbonic oxido, steam, and hydrogen at the Rame pressures if their 
densities are as 14’4, 14, 7, and 1 respectively? (Prove answer by arith¬ 
metic.) Ans. All equal, becauso the capacity for heat of equal volumes is 
inversely as the donsitj\ 

3. What do you mean by conduction and convection, as applied to heat? 

4. Describe an experiment by which you would show that water is an 
extremely bad conductor of heat. For what reason slu uld heat be applied 
from below when it is required to heat a largo mass of water rapidly ? 

5. What is the object of facilitating the circulation of water in boilers ? 
State and illustrate two ways by which the circulation of the water in a 
boiler increases tho efficiency or ratio of heat in steam to heat applied to 
boating surfaces 

6. What is the effect on the circulation of the water by having horizontal 
tubes stopped at one end, or return bends opposite the tubes in the water- 
tube boiler? Also, why is it necessary to guard against having the uptake 
too large at the upper end of the tubes in a water-tube boiler ? 

7. Trace the evolution of the water-tube boiler by neatly-drawn sketches 

and concise descriptions of each. ? 

8. When draught is produced by ft chimney, upon what things does the 
magnitude of the draught depend? In order to approximate to the tem¬ 
perature of the gases at the base ot a chimney, a mass of iron weighing 
§ lbs was placed in them, and after remaining a considerable time was 
removed and submerged in 100 lbs. of water at 60° F., when it was found 
thei the temperature of the water was raised to 55° F. Find the tempera¬ 
ture of the gases, having given that the specific heat of iron is one-ninth. 
tO. Ch, 1903, 0., Sect. uT) 
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Contents.— Nature of Heat—Heat is not a Substance—Rumford, Davy, 
and Joule’s Experiments—Conversion of Work into Heat—First ]Law 
of Thermo-dynamics—Joule’s Mechanical Equivalent of Heat—Latest 
Equivalents for the B. T. U.—Questions. 

\ 

Until the end of last century, two rival theories had been en¬ 
tertained regarding the nature of heat One, that heat consisted 
of a subtle elastic fluid, termed caloric, penetrating through the 
pores or interstices of matter, like water in a sponge; the other, 
that it was an internal commotion among the particles or mole¬ 
cules of matter. 

The former of these theories, or hypotheses, that heat is matter, 
called the “materialistic doctrine of heat,” taught by Professor 
Black of Glasgow University and others, was most conclusively 
overthrown by the celebrated experiments of Count Rumford 
and Davy. It is very remarkable, however, that fifty years 
elapsed before scientific men generally became converted to the 
conclusions to be drawn from them. It was not until Joule, during 
the period extending from 1840 to 1849, had supplied several 
fresh proofs that heat is not a material substance, but one form 
of energy, which may be applied to, or taken from bodies in 
various ways, and that the amount of energy, in whatever form 
applied or removed, may be estimated in mechanical units of 
work or foot-pounds, that what is now known as the Kinetic 
theory of heat, became generally accepted, and the science of 
thermo-dynamics placed on a firm basis. 

Count Rumford’s experiments on the production of heat by 
friction, were carried out in- the following manner, and com¬ 
municated to the Royal Society in 1798 

In casting guns it was usual to leave a projecting cylindrical 
“ head ” of metal at the muzzle, so as to insure sound metal in 
the gun. The guns were cast in a vertical position with the 
muzzle end upwards, very much in the same way as large water 
or gas pipes are now made. The effect of adding the “ head " to 
the casting, being to add pressure to the fluid metal in the lower 
parts, thus expelling aiJfand gases towards the surface, and into 
the “ head,” which was cut off before boring out the gun. , 

• Rumford obtained a casting for a six-pounder brass gup fr<jm ; 
the military arsenal at Munich, and surrounded the “head," 
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H, by a wooden trough, W T, containing about 18 lbs. of 
water, W, at 60’ Fah. The machinery which rotated the gun, G, 
was driven by two powerful horses. A blunt boring tool, 
B T, which was made of steel, 3*5 inches diameter, was forced 



W.T. 

Count Rumfobd’s Experiment. 


G fop Gun. 

N „ Neck. 

H „ Head. 

B T „ Boring tool. 


W T for Wooden trough. 
W „ Water. 

T „ Thermometer. 


against the head, H. This boring tool was held firmly in a 
rest, and pressed forward by means of a screw with an estimated 
pressure of 10,000 lbs. The result of this experiment was that, 
the heat generated by the friction between the blunt boring tool 
and the metal of the head, was partly conducted through the 
neck connecting the head with the gun, and partly absorbed by 
the water in the trough, so that the temperature of the water 
rose at the end of an hour to 107’ F., in an hour and a-half to 
142’ F., in two hours to 178’ F., and, finally, at the end of two 
and a-half hours the water boiled. ' Count Rumford said—“ It 
would be difficult to .describe the surprise and astonishment 
expressed in the countenances of the by-standers on seeing so 
large a quantity of water heated, and actually made to boil with¬ 
out any fire! ” He adds—“ By meditating on the results of these ■ 
experiments, we are naturally brought to that great question 
which has so often been the subject of speculation, namely— 
What is heat? Is there any such thing as an igneous fluid ? Is 
. there anything that, with propriety, chn be called caloric?” 
And, further—“It is hardly necessary to add that anything which 
an insulated body or system of bodies can continue to furnish 
* without limitation, cannot possibly be a material substance; and 
4t appears to me to be extremely difficult, if not impossible, to 
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form any distinct idea of anything capable of being excited, and 
communicated in the maimer heat was’ excited, and communi¬ 
cated in these experiments except it be motion.” 

Davy's experiment on the melting of ice by friction, announced 
by him in 1799, in his first published work, entitled —An Essay on 
Heat, Light, and Combinations of Light, was regarded at the time 
as a complete refutation of the materialistic doctrine of heat. , 



Sis Humphrey Davy’s Experiment. 


In an atmosphere at a temperature of 29* F., he rubbed 
together two small slabs of ice with the result (as shown in the 
fig.) that the ice was melted at the surfaces of contact, producing 
water at a temperature of 35° F. Now, as we saw in Lecture IV., 
a mass of water contains an absolute quantity of heat greater 
than an equal mass of ice, and it is, therefore, impossible to 
account for the presence of the increased temperature on the 
assumption that heat is a material substance. Davy said—“ The 
immediate cause of the phenomenon of heat is motion, and the 
laws of its communication are precisely the same as the com¬ 
munication of the laws of motion.” 

m Maxwell, in his Theory of Heat , p. 306, says—“ The molecules 
of all bodies are in a state of continual agitation. The hotter the 
body is, the more violently are its molecules agitated.” 

Joule’s experiments, carried out between 1840 and 1849, re¬ 
called the attention of scientists to Rumford and Davy’s doctrine 
regarding the nature of heat, and gave us the means of estimating 
with exactness the quantity of work required to generate a certain 
quantity of heat. 

We shall describe only two of Dr. Joule’s famous experiments, 
and for a complete list of them we refer the student to Sir 
William Thomson’s article on Heat,” in The Encyclopedia 
Britanmoa, 1880, p. 34. 

Dr. Joule, filled a copper tube with a fusible metal or alloy, 
F M (such as that used by the printers in making stereotype # 
castings of types), which fuses at a low temperature, and 
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rhVolvedtbe tube rapidly between the poles, N, S,. of is Sttbnfc 
electro-magnet, E M. The result of this was that the teinper- 
ature of the alloy rose in a few minutes to the taelting. point, 
and the alloy could be poured from the copper tube, What 
agency was at work to fuse the metal 1 There was no friction 
between the revolving tube and any other part of the mechanism, 
for the tube rotated quite clear of the poles in the space 
between them; neither was it due to any friction from the 
spindle carrying the copper tube, for, if the battery or dynamo 
was disconnected (and thus no magnetism evoked) the tube 
might be revolved at the same speed as before, without any 
observable rise in temperature in the alloy. One circumstance 
was, however, made very apparent, viz., that it required much 
less effort to revolve the tube in the latter case than in the 
former, and herein lies the key to the whole secret.* A certain 
proportion of the power devoted to revolving the tube between 
the magnetised poles is expended in creating electric currents 
in the copper tube, and in the metal contained therein. These 
currents agitate and vibrate the molecules of the metal so very 
rapidly amongst themselves, that heat results from the forces at 
work overcoming the inter-molecular friction. 

To prove that electric currents are so generated, we have only 
to cite the case of the now well-known Dynamo, where the copper 

. * This experiment is shown to my class 
I I by means of the small dynamo belonging to 

v *“® College of Science and Arts driven Dy one 

B 1 or two students.. The difference in the effort 

I required by them to drive the dynamo, or to 
J revolve the metal tube in the two cases, is thus 
brought home to them in a manner quite un¬ 
attainable by any mere description or diagram. 

Index 1 . 

B for Battery or dynatn 
E M , Electro-magnets. 

N, ,, North and south poles. 

F h , Fusible metal in a copper tub* 

P , Pulley. 

T1 , Turn wheel 
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Jouli’i Magneto- Eueotrto StarauM** 
























only to pass them through a thin metal wire or an incandescent 
lamp, with the result that the wire is heated to a white heat, or 
even fused, and the carbon filament made to glow with a brilliant 
incandescence. 

We have in this experiment of Dr. Joule’s a beautiful 
example of the double conversion of energy, viz., (1) mechanical 
energy into electrical energy, and (2) electrical energy into heat 
energy. 

Joule’s favourite experiment was the conversion of work into 
heat by 'the stirring of water. He arranged his apparatus in a 
manner similar to that shown in the figure. 

A known weight, W, was allowed to fall through ^ known 
height, an£ in doing so to revolve vanes or paddles, R V; inside 


wires wh$p revolved betweeh the power* 

ifijtl magnetic p6ies,.,hiVe .strong currhatk excited m them; and to 
ahowlhat such currents are capable of producing heat, we have 


, T V 


ful magnetic 


magni 
show that sue] 



Joule's Water-stirring Experiment. 



C 0 for Oopper cylinder. 

T „ Thermometer. 

RV „ Revolving vanes or paddles 
(8 sets). 

FP „ Fixed plates (4 sets). 

DP N Disconnecting pin. 
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a copper cylinder, 0 0, containing a known weight of water; 
thus chu rning the water against the fixed plates or stationary 
screens, F P, The effect of this churning was to raise the 
temperature of the water, by imparting to it a certain quantity 
of heat, depending on the product of the weight into the space 
through which it fell, or the foot-pounds of work expended. 
We need not enter into the many details of Dr. Joule’s 
carefully conducted experiments, whereby he eliminated from 
his results the effect of friction in the guide pulley, GP, as 
well as the effects of radiation and conduction of heat to or from 
the apparatus during the time of the experiment, &c. It will 
suffice to give his final result and an example. 

The British Association in 1870 requested Joule to reinvesti¬ 
gate the subject for the purpose of giving greater accuracy to the 
determinations by his fluid friction method, with the final result 
of proving that 772*43 foot-pounds (at the latitude of Manchester) 
a/re equal to the quantity of heat required to warm from 60° to 61* 
Fah, a pound of water weighed in vacuum . This has been termed 
“ Joule’s Mechanical Equivalent of Heat,” or, shortly, “ Joule’s 
Equivalent,” and is denoted by the letter, J, and in round 
numbers we say, 1 British thermal unit — 772 ft.-lbs. Reduced 
to the centimetre gramme second or (O.G.S.) system, it is 
equivalent to about 42 million “ergs” or units of work for 
one gramme of water raised in temperature from 0° to 1° 0. 

For instance, suppose that, with Joule’s apparatus we had a 
weight of 77*2 lbs., and allowed it to fall through a height of 
10 feet, and in doing so, the mechanical work (772 ft.-lbs) would 
be converted into heat by churning 1 lb. of water at 60* F., we 
should find (if all extraneous losses were avoided) that the water 
had risen in temperature to 61° F., when the weight passed the 
10th foot; or, if we take 1 lb. of water at 60° F., and raise its 
temperature l°F.,by any method whatever, the quantity of heat 
imparted to it (viz., 1 thermal unit), if converted into mechanical 
energy by a perfect heat engine, would perform 772 ft.-lbs. of 
work, or raise 772 lbs. 1 foot (see foot-note to next page). 

First Law of Thermo-dynamics. —Heat and work are mutually 
convertible^ and Joule's equivalent is the rate of exchange. 

The importance of this mutual relation between heat and toor£, cannot be 
too strongly impressed on the student at the very outset of his studying 
steam and the steam engine. In this lecture it has been shown, that the 
expenditure of so many units of work produces under the circumstances 
noted, an exact and unvarying equivalent of so ipany units of heat; and we 
shall see in future leotures, how the expenditure of so many units ef heat 
produces an equivalent in units of work. 

A familiar illustration of the foregoing principle of the mutual Converti¬ 
bility of heat and work is that of tbo Locomotive Engine. In the furnace 
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we have the production of heat, by the combustion of coal. A proportion 
of this heat is imparted to the water in the boiler thus raising steam. The 
steam on being admitted to the cylinders parts # with a portion of its heat 
in the act of doing th% work of propelling the pistons, and thus moving the 
train. Again, when the train is nearing a station the steam is shut off, 
and the Drakes applied. Then the stored work is converted into heat, 
which may be observed by sparks issuing at the brakes and by feeling the 
increased temperature of the brakes, wheels, and rails. 

Example 1.—Suppose a locomotive bums 6 lbs. of coal per horse-power 
hour, and that every pound of coal burned in the furnace gives up to the 
water in the boiler 10,000 British units of heat, we have— 


^ 6 lbs. x 10,000 u = 60,000 units of heat per H.P. hour. 

But— 1 H.P. = 33,000 ft. lbs. per minute, or 

= 33,000 x 60' = 1; 980,000 ft.-lbs. per hour 

And— 772 ft.-lbs. = 1 unit of heat. * 


1; 980,000 
’’ 772 


2667'2 units of heat converted into work every hour. 


Consequently— 60,000 u: 2667*2 u : : 100: x =4*27, 

Or the locomotive only converts 4*27 per cent, of the total heat generated 
in the furnace into its equivalent of work in the cylinder. 

Example n.— Suppose that the energy of the train when the brakes are 
put on is equal to 16; 500,000 ft.-lbs. 

Then, 16; 500,000 -r 772 = 21,373 units of heat, or an amount of heat is 

B enerated at the brakes, wheels, and rails, &o>, which would raise 213 a 73 
as. of water 100° F. 

Note .—We thus see from these two examples that the transformation 
from work into heat is more easy and complete than from heat into wOfrk. 


* Prof. Reynolds, M.Inst.C.E., F.R.S., in his recent and careful experi¬ 
ments with “Froude’s Water Dynamometer ” (see the author’s Text-Book 
on Applied Mechanics and Mechanical Engineerin'/, vol. i., 4th and later 
editions) at the Engineering Laboratory, Owens College, Manchester, 
found that 777 ft,-lbs. of work were equivalent to one British Thermal 
Unit. Profs. Rowland, Griffith, and Schuster have, however, ascertained 
that the mean of their and other experiments gave the number 778 
ft.-lbs. = 1 B.T.U. 

* I am loth to change all the 772 values in this book, until an “Inter¬ 
national Congress of Engineers” authorise a standard value for this 
important quantity. 
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Lkotubb VL— Questions, 

1. Give free-hand sketches with index of parts, and a description in your 
own words of Rumford’s, Davy’s, and Joule’s experiments. 

2. State in your own words what you consider heat to be, and give 
Joule’s mechanical equivalent for one British thermal unit 

3. How has the work done in nosing the temperature of apound of water 
-through one degree been ascertained ? A pound of coal gives out during 
combustion, 12,000 units of heat; how much work in foot-pounds could be 
done per pound of coal burned, if there were no waste? Ans, 9,264,000 ft.-lbs. 
' 4. ft is estimated that every pound of average steaming coal burned in 
the furnace of a boiler gives out 13 000 units of heat. It is found that a 
good compound engine and boiler requires 2 lbs. of coal per hour per 
indicated horse-power. What is the efficiency of the oombined boiler and 
engine? Ans , 9*86 per cent. 

5. Give another illustration of the first law of thermo-dynamics than that 
in the lecture, and work out an arithmetical example, and thus show that 
the transformation from mechanical work into heat is much more complete 
and efficient than from heat into work. 

6. Define a uuifc of heat. A steam engine indicates 25 H.P., how many 
units of heat does it convert into useful work per minute? Ans, 1,068*65. 

7. The following data are obtained during a gas engine trial:—I.H.P. 
s= 42*6. Gas used, per hour = 815 cubio feet. Cooling water used per 
hour =s 320 gallons. Inlet temperature of jacket water = 61*5° F. Outlet 
temperature of jacket water = 125*7° F. Calorifio value of 1 cubic foot of 
gas = 635 B.T.U. Make out as far as you can a heat account for this 
engine. (C. A G.,1900, H., Sec. B.) 

8. A man, working 8 hours a day for 300 days in the year, does work at 
the rate of one-tenth of a horse-power. One lb. of coal, having a calorifio 
value of 15,000 thermal units, is burnt in a boiler having an effioienoy of 70 
per cent., whioh supplies steam to an engine having an efficiency of 15 per 
cent. Find how many years the man will have to work in order to 
give out as much useful work as 1 ton of coal used in the above plants 
(C. A G., 1902, O., Sec. C.) 

9. An oil engine of 2} horse-power drives a motor oar at a speed of 15 
miles an hour. If the efficiency of the engine is 10 per cent., and the 
calorific value of the oil 20,000 thermal units, how much oil is consumed in 
a run of 100 miles? (C. A G., 1903, O., Sect. C.) 
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Contents. —Sensible and Latent Heats of Water and Steam—Temperature 
and Pressure of Steam—Rggnault’s Experiments—Tables I. and II, on 
Properties of Steam—Explanations of Sensible and Latent Heats, &o, 
•^-Mercurial Pressure and Vacuum Gauges—Bourdon’s Pressure-and 
Vacuum Gauges—Schaffer’s Pressure Gauge and Thalpotasimeter— 
Questions. 


Sensible and Latent Heats of Witter and Steam.— Hitherto we 
have dealt with heat when imparted to or abstracted from bodies 
as indicated by a rise or fall of temperature in the body. It has 
been customary to call this condition sensible heat; but there are 
exceptional cases in which temperature does not vary in a mass 
of matter when heat is communicated to it, from, or taken from 
it, to, external matter. For instance, when the body is ice at the 
melting point, heat communicated to it does not raise its tem¬ 
perature above 32° F., or, if the body be water at the boiling 
point in the open air, heat slowly communicated to it, in how¬ 
ever great a quantity, does not raise its temperature above 
212 s F., at the normal pressure of the atmosphere. This heat is 
termed latent heat. 

A short account of Professor Black’s well-known experiments 
carried out about 1762, will serve to illustrate the difference 
between what is termed the “ sensible ” and the “ latent” heat of 
a substance. 



‘ Black’s Experiment ox Latent Heat or Water. 

Black procured two glass flasks, in one of which he placed 
5 ozs. of ice at 32 s F., # and in the other 5 ozs. of water at the same 

-V t> 

* The ice was beginning to melt, and his estimate of the temperature at 
the surface Was 33° F. • , g j 
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substance, after undergoing successive states of pressure, volume, 
and temperature, is finally brought back in all respects to its 
original state, is termed'a cycle of operations. When Idle changes 
of state can be passed through in either direction, the cycle is 
said to be reversible. In the diagram of the expansion of the gas, 
’ the figure, abed, represents the cycle, for, while we started with 
a pressure, af, volume, Of, and temperature, r v we arrived at 
the close of our operationstwith the same pressure, volume, and 
temperature. The working substance is performing work on the 
piston whilg it moves from point 2, to point 4, the expansion 
curve being bed, and the work done is represented by the area 
of the figure, bedhe. This is positive work. Work is done 
upon the substance while the piston moves from point 4, to 
point 2, the expansion curve being dab, and the work done is 
represented by the area of the figure, dab eh. This is negative 
work. To find the work performed by the substance, we subtract 
the area, dab eh, representing negative work, from the area, 
bedhe, representing positive work, and the remainder <abcd, 
represents the useful work performed by the substance through¬ 
out the cycle of operations. 

Work done by a Heat Engine. —Our operations on this heat engine 
consisted in taking in a quantity of heat, H (from positions 2 
to 3 of stroke), at a temperature, r 2 , and rejecting a less quantity 
\ of heat, h (from 4 to 1), at a lower temperature, r 1# 

> Henoe, the heat-energy that has been transformed into 
mechanical work during this cycle of operations 

= H - h thermal units. 

Galling W the amount of work thus given out by the engine 
in one revolution, we have 


/ 


/ 


W -= J (H - h) foot-lbs., 

h 


ASM 


JH 


( 1 _ h) ” 


where J is Joule’s “equivalent” (see Index). 

! j 4 1 Now, in order to eliminate h from the above equation, and 
, thus express the work actually done in terms of the heat supplied, 
> i l together with the absolute temperatures between which the 
; engihe works, we proceed as follows:— 

tiet f x = pressure measured by fa, 

<4 Pi “ „ i, • ft. 

Pm " »» »* 9 °> 

v *>**= » w hd, 

v v % and « 4 be the corresponding volumes occupied by the 
* gas wheflssubjected to the above pressures respectively. 


4 *. 
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began to boil, and in 20 minutes more it had all evaporated. 
Now, sine© the water increased by (212° - 50°)^ 162° in 4 
minutes, he reasoned that it must have been receiving heat at 
the same rate throughout the experiment, or that, in 20 minutes 
it had absorbed five times as much as in the first 4 minutes 
without any apparent rise in temperature as indicated by the 
thermometer, or, 5x162 = 810—Black’s estimate of the latent 
heat of steam. 

In this last estimate Black was incorrect, as might be expected, 
from) the rough nature of his experiment It has since been 
found that the latent heat of steam at atmospheric pressure is 
966*6. In other words, it requires 966*6 British thermal units 
of heat to convert 1 lb. of water at 212° F., into steam at the 
same temperature, or 1 lb. of steam at 212° F., gives out 966*6 
B.T.U., in being condensed into water at the same temperature.* 

The following definition of sensible and latent heat will now 
be quite clear:— 

“Heat given to a substance, and warming it, is said to be 
sensible in the substance. Heat given to a substance, and not 
warming it, is said to become latent ” (Sir Wm. Thomson). 

Latent heat is the quantity of heat which must be communicated 
to unit mass oft a body in a given state, in order to convert it 
into another state without changing its temperature (Maxwell). 

Temperature and Pressure of Steam. —When water is con¬ 
fined in a closed vessel, and heated, the pressure of the vapour 
contained therein continually increases. The precise temperature 
which corresponds to any particular pressure, has been made the 
subject of very careful inquiry by Regnault and others. Before 
quoting Regnault’s results, we shall illustrate these phenomena 
by means of a simple apparatus, termed Marcet’s boiler. 

On applying heat from the Bunsen burner, B B, steam is 
generated from thb water, W, and the temperature as it rises is 
noted by the thermometer, T. Simultaneously the column of 
mercury rises in the tube, and the height from the free surface 
of the mercury may be read off (roughly) on the graduated scale, 
OS. When the temperature has arrived at 233° F., the mercury 
will be observed to have risen about 15 inches, corresponding to 


966*6^ 6 ® 6ft * °* Steam by the Centigrade scale, is, therefore, 

g-— = 537; or, 637 times the quantity of heat absorbed in raising 1 lb. 

of water by 1 * 0 . 

+1 have added the words (unit mass of) to Maxwell’s definition, because it 
appears deficient without them. When we speak of 143 as the latent heat 
of water, and 966 as the latent heat of steam, it is understood that 143 and 
voo units of heat are required respectively for every 1 lb. (or unit of mass) * 
to change the state from solid to lumid. and from liauid to aaseoug.— +A. 
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• pressure of 7'4 lbs. (half an atmosphere); or 22 lbs. absolute; 
and when the temperature arrives,at 250* tne mercury will have 
risen to about 30 inches, cor¬ 
responding to a pressure of 
14 a 7 lbs. on the square inch (1 
atmosphere), or 29-4 lbs. abso¬ 
lute (i.e., from zero pressure, 
or-what would correspond to 
a perfect vacuum). c 

If our glass tube had been 
longer, and the supply of 
mercury in the bottom of the 
boiler sufficient, we might 
have gone on applying heat 
and registering still higher 
pressures with their corres- 
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for Bunsen burner. 

Marcet’a boiler. 

Morcury. 

Water. 

Steam space. 
Thermometer in S S. 

G lass tube, about 36 in. long. 
Graduated soale. 

Cook. 
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ponding temperatures, but the 
limited experiment has been 
sufficient to show roughly, 
that a rise in temperature 
cannot take place without a 
corresponding rise in pres 
sure. Mercurial gauges, such 
ns that in the Marcet’s boiler, 
were much used to register 
the pressure of steam in steam 
boilers, before the introduction 
of the Bourdon gauge. (See 
our Elementary Manual, Lecture XI.) 

Begnault’s Experiments.—Our knowledge of the 
•steam is chiefly derived from experiments made by 
the Paris observatory for the French Government in 1 
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were conducted with the greatest care, and involved immense 
labour. It is not necessary here to enter into any minute, detail of 
the apparatus he used, but, generally speaking, it consisted of a 
boiler containing, when half full, about 33 gallons of water, a corn 
denser of suitable dimensions to condense the steam as fast as it 
was formed, and an air chamber three times the size of the boiler 
provided with force pumps by means of which any desired pressure 
could be produced at pleasure. Pressures were measured by means 
of a column of mercury open to # the atmosphere—an arrange¬ 
ment admitting of greater accuracy than any other method, but 
involving the manipulation of a column of mercury some 50 feet 
in height, when registering the very high pressures to which he 
went, viz., over 400 lbs. on the square inch. The air chamber 
and condenser enabled any desired pressure to be maintained 
for any length of time. For his more accurate measurements 
of temperature he used an air thermometer. 

Numerous formulae have been devised for connecting 
algebraically the relation subsisting between the temperature 
and the pressure of saturated steam. Many of them are defective 
in as far as they only apply to a limited range, # of which the 
following is one of the best of these approximate formulae, as it 
is nearly correct for absolute pressures between 6 and 60 lbs., 
and it may be also used for pressures between 60 and 120 lbs., 
by adding 1 to the results. 



When p stands for the absolute pressure in lbs. per sq. in. 

t „ „ temp, of the boiling point in degrees F. 

Therefore, t = 147\/®-40 

Which is easily worked out by logarithms for any particular 
case, but the following, as given by Prof. Rankine, is best— 

, A B *0 

log. p - A - - - p 

Where A, B, and 0 are constants, and r, the absolute temperature 
of the boiling point = t + 460 (see Lecture XIII.) 

The inverse formula for finding, r, when you know p, is 

{V(^ *£)-£} 

$5 Ranfcine ’a formulae, which represents Regnault’s experimental results, 
very cutely refers to the absolute temperature, or - 460 F. (see Lecture XIII. F 
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A 

Log. B 

Log. C 

B 

20 

B* 

4C a 

■■ 

61007 

S'43642 

5-69873 

m 

133 


Students should plot out a curve from the following table, repre¬ 
senting graphically the relation between pressure and temperature. 
To dp so, set off a scale of temperatures on a horizontal line, and 
on a vertical line starting from the same point plot the corres¬ 
ponding pressures to the same scale . Draw vertical lines from 
each of the former points, and horizontal lines from each of the 
latter. Connecting the points of intersection, we have a curve, 
which shows at a glance how the pressures increase more rapidly 
than the temperatures. See next page. 


TABLE I. —Properties op Saturated Steam prom 32° to 212" F.* 


Tkmpkba- 

TUBB. 

PRXBSURB. 


Txmpkra- 

TDBE. 

p— j 

Inches of 
Mercury. 

Lbs. per 
Square Inch, 
Absolute. 


Inches of 
Mercury. 

• 

Lbs. per 
Square Inoh, 
Absolute. 

Fahrenheit 

Indies. 

Lbs. 


Fahrenheit 

Inches. 

Lbs. 

32° 

•181 

•089 


120° 

3-430 

1-685 



•100 


125 

3-933 

1*932 


•248 

•122 


130 

4-509 

2-215 

45 

-299 

•147 


135 

6-174 

2-542 


1 T 1 < > 

•178 


140 

6-860 

2*879 

55 

•426 

•214 


145 

6*662 

3-273 

60 

•517 

•254 


150 

7%48 

3-708 

65 

•619 

•304 


155 

8-535 

4-193 

70 

•733 

•360 


160 

9-630 

4-731 

75 

*869 

*•427 


165 

10-843 

6-327 



•503 


170 

12-183 

6-985 

i 86 

1-205 



175 

13-654 

6-708 


1-410 

•693 


180 

15-291 

7-511 

95 

1-647 

•809 


185 

17-044 

8-376 - 

■rrrrMg 

1-917 

•942 


190 

19*001 

9*335 

Pa f i Irr 


1-095 


195 

21*139 

10-386 


2-679 

1-267 


200 

( 23-461 

11-526 

. 115 

2-976 

1-462 



26-994 


* * | 

' . , 

* ■ 

% 

• 


210 

212 

i > 

28- 753 

29- 922 

14-126 
- 14-700 


* From D/E. Clark’s J Rules, Tables, and Data: Blaekie A Sea. 
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CURVE OP PRESSURES & TEMPERATURES 
(From accompanying table) 


Note A, S,C.D tb*p, ind icate respectivelyJhe„ 
rise of tem p eratu re nec essary at the var ious 


points for a rise of pressure off lls. 
We see c learly (hat as the fir essw e 
rises a smaller 


increase of tenq 

mat^smzr^ 

eet-as-before- 


'*212 228 240 250 269 257274 281 292 302 3)2 320 

Degrees Fahrenheit 



Remarks our Table II. 


Saturated Steam is steam iiT^jontact with the water from which it is 
generated. Its physical condition is such, that it is ready on the smallest 
morease of pressure, or decrease of temperature, to yield some portion as 
liquid. For a given pressure there is one temperature and one density. 

Absolute Pressures are pressures reckoned from a perfect vacuum as 
zero. Ordinary steam pressure, as measured by steam gauges, is converted 
into absolute pressure by adding 15 lbs. N.B. —Ip all questions relative to 
’ the expansion of a&eam (Boyle's law, &c.) absolute pressures are to be used. 

Temperature, —The second column gives the temperature at which water 
boils under the given pressure, and the temperature of the steam produced. 
It also gives (nearly) the units of heat required to raise 1 lb. of water 
from 32° to boiling point under this pressure token 32 is subtracted, 

Example, —1 lb. water at 120° raised to boiling point under 50 lbs. 
pressure. The units of heat required = 281 - 120 = 161 units. 

Total Heat , or sum of Sensible and Latent Heat, —This was believed by 
Watt to be a constant quantity, but elaborate and careful experiments by 
Regnault have shown that it increases along with the temperature. 
The formula used in the table for any temperature, t, is * 

Totaa Heat, or H = 1,082*4 + *305 1°, 

Latent Heat gets less at higher temperatures and pressures. 

Relative Volume is the volume of steam generated under a given pressure 
compared with the volume of the water from which it is produced- 
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Explanation of Sensible and Latent Heats by the Kinetio 
Theory of Heat.—According to the kinetic theory, heat is a 
rapid vibratory motion of the ultimate particles of matter, and 
temperature is the outward manifestation of this motion. An 
increase or a decrease in the temperature of a body means an 
increase or a decrease of molecular kinetic energy. Hence, by 
“ sensible " heat is meant that heat which is effective in changing 
the molecular kinetic energy of the body. The sensible heat 
given to i lb. of water between the temperatures 32 ° F. and 
212 s F., is 180 B. T. U., and the whole of this heat is employed 
in giving a more rapid vibratory motion to the molecules of the 
water.* The amount of work done in increasing the kinetic 
energy of the molecules of the water during this change of 
temperature may be mentally pictured in this way. The sensible 
heat is equivalent to 180 x 772 = 138,960 ft.-lbs. of mechanical 
work, and corresponds to the work done in raising a weight of 
rather more than 62 tons through a vertical height of 1 foot; or, 
it is equivalent to the work done in projecting a 5 lb. shot from 
a gun with a velocity of 1336 ft. per second ! The whole of this 
work, be it remembered, has been done within the mass of I lb. 
of water between the freezing and boiling points. If, then, by 
any contrivance we convert the whole of the heat given out 
during the cooling of 1 lb. of water from its boiling to its freezing 
point, we should be able to do mechanical work to the extent of 
138,960 ft.-lbs. 

We have shown, that during the conversion of a solid into a 
liquid, or a liquid into a gas, an amount of heat disappears 
without in any way affecting a thermometer placed in the mixture; 
until, the change of state of the whole mass has been completed. 
Thus, in converting 1 lb. of ice at 32 * F. into water, 143 B. T. U. 
disappear before a change of temperature ta^es place. In the 
same way, 966'6 B. T. TJ. disappear during the conversion of 1 lb. of 
water at 212 ° F. into steam at the same temperature. The question 
may then be asked, wjhat becomes of this heat ? Evidently no 
part of it is employed in increasing the kinetic energy of the 

, molecules of the body, otherwise this would be indicated by an 
increase of temperature. The older physicists, believing that 
heat was a substance—a highly elastic, imponderable and subtle 
fluid, called calorie —accounted for the above phenomenon by 
saying that this “ caloric ” became latent or hidden in some out- 
of-the-way holes or pores of the body. ‘But we now know that 
heat is not a substance, and we cannot conceive of any suck 

, * We*ahall see in Lecture XI. that rather lees than 180 B* T. XT, are 

employed in increasing of molecular kinetic energy; but the difference is 

«£0 small that we may safely neglect it 


1 
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cavities or pores in matter wherein this “caloric” could possibly 
conceal itself in the manner suggested. Further, this disappear¬ 
ance of heat never occurs except when there is a change of state 
of the body. To clearly understand what actually takes place we 
require to give a brief explanation of the fundamental differences 
of the three states of matter as presented to our senses. Accord¬ 
ing to the theory of the molecular constitution of matter , the 
distinctive character of a solid is the fixedness of the molecules, 
relatively to each other. The molecules have a rapid tremulous 
motion about their mean positions, but are otherwise so firmly 
bound to their neighbours that work has to be done against the 
molecular attractions before they can be given greater freedom of 
movement or separated from each other. Hence, considerable 
effort is required to separate one portion of a solid from the 
remainder of the mass. Whenever the molecular attractions are 
sufficiently overcome, that the molecules glide freely over each 
other and move about throughout the whole mass, we have all the 
characteristics of a liquid. The greater the mobility of the 
molecules the more perfect is the liquid. Hence, the difference 
between a solid and a liquid is the ease with which the parts of 
the latter can be separated from each other, and the readiness 
with which the whole assumes the form of the containing vessel. 
With gases, on the other hand, the mobility of the molecules is 
very much greater than in the case of liquids. Here the mole¬ 
cular forces are repulsive, and these cause the molecules to 
separate from each other as far as the sides of the containing 
vessel will permit. Thus, a portion of gas, however small, when 
allowed to enter a vessel, however large, soon diffuses itself equally 
throughout the whole vessel, and this is true whether there are 
other gases or not in the vessel along with it. 

«We are now in apposition to understand what becomes of the 
* so-called latent heat. In converting a solid into a liquid, or a 
liquid into a gas, work has to be done in effecting certain mole¬ 
cular actions, as in overcoming the molecular attractions charac¬ 
teristic of solid substances, or bringing into play those molecular 
repulsions characteristic of the gaseous state. Hence, during 
those transient states of matter, the so-called latent heat dis¬ 
appears as heat, but reappears as the result of molecular mechanical 
work. 


As before, we may give a mental picture of the vast amount of 
work dbnh within the m&ss of i lb. of water during those physical 
changes; 

In., cbnverting i lb. $f ice at 3 a 0 F. into water at the same 
temperature, 143 ; B. T, U. (or, 143 x 772 = 110,396 ft. lbs., of 
work)- have been expended against the molecular, attractions. 



t'X >. 
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; This corresponds ty the work done in'raiding * weight bf about 
49} tons through a vertical height of 1 foot; or the work done in 
projecting a 4 lb. shot from a gun with a velocity of about 1330 
feet per second! ' / 

In converting 1 lb. of water at 212® F. into steam at the same 
temperature, 966’6 B. T. U. (or, 966‘6x 772 (=746,215 ft. lbs. 
of work) are expended in bringing about thia.ph^ical change. 
This, corresponds to the work done in raising a< weight pf rather 
more than 333 tons through a vertical height of r foot ; or the 
work done in projecting an 18 lb. shot from a ,gun with a velocity 
of more than 1600 feet per second! 

Conversely, when 1 lb. of steam at atmospheric pressure 
(212* F.) is condensed into water at the same temperature, the 
work done by the colliding or “clashing” of the molecules corre¬ 
sponds to 746,215 ft. lbs. or 966'6 B. T. TJ.* 

If, then, an engine could convert the whole of the heat given 
out during the reduction of steam at 212 s F. into water at the 
same'temperature, mechanical work to the extent of 746,215 ft. 
lbs. would be done per. lb. of steam condensed. We shall after¬ 
wards see that only a very small fraction of this work can be 
made use of in practice. 


* We shall see in Lecture XI. that the whole of the 966-6 B. T. U. are 
not employed in molecular work; for about 73 B. T. U. go to perform work. 
txterneu to the subBtanoe. 
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Pressure Gauges. —instruments 
for indicating the intensity of the 
pressure of^a-miid contained in a closed 
vessel, are ctfad M pres&ur»gaugea,’’ or 
“vacuum* g** they 
register how much the pressure is above 
or below that of the atmosphere. 

The Mercurial Pressure Gauge, 

as seen by the first figure, consists 
of a bent, U, glass tube, containing 
mercury, from, 0, round the bend of 
the tube to, O. One end is connected 
directly to the closed vessel, or say to 
a steam toiler, while the other end is 
connected to a cup, to prevent the 
mercury being lost when the pressure 
rises higher than the range of the tube. 

This cup is open to the air, and con¬ 
sequently the pressure of the atmo¬ 
sphere acts on that side of the mercurial 
column. A vertical scale is fixed im¬ 
mediately behind the vertical limb 
connected to the boiler or closed vessel, 
and it is graduated in any convenient 
manner—say, for lbs. per square inch 
of pressure. As the pressure increases, 
the mercury in this limb is depressed, 
and rises correspondingly in the other 
limb. When the pressure in the closed 
vessel equals that of the atmosphere, 
both ends of the mercury should stand 
at 0. The pressure as shown by the 
right hand Beale is 39 lbs., and by the 
left ' one as fully 2} atmospheres. 

Nothing could 4 be Ampler or more 
accurate than this arrangement, for, as 
we saw in the case of the Marcet’s 
boiler, a vertical column of mercury 
produces a definite pressure of about 
1 lb. per square inch for every 2 inches 
in height. In practice, however, the 
inside of the glass tube gets coated 
with a dirty film, owing to the oxida¬ 
tion of the mercury, which prevents the 
attendant observing the exact position 
of the depressed end of the mercurial 
column. ® 

j Such a pressure gauge is, of course, 
inadmissible on board a Ibip or on a - 

locomotive, owing to the jerking motion; GAUCW, 



Vacuum 

GAUO& 
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and further, the length of the tube would have to be very great for the 
pressures now carried in high-pressure steam boilers (about 300 inches, 
or 25 feet for 150 lbs. on the square inch). For these reasons its use has 
been discarded in ordinary practice; but, as an exact and standard 
instrument for scientific purposes, and for testing and calibrating the 
working pressure gauges (which we are about to describe), it is indis¬ 
pensable. In all the bast works where ordinary pressure gauges are made 
and tested, a long graduated vertical mercury column or gauge is supplied, 
with which these may be compared; and there, the inside of the glass is 
occasionally rubbed clean by a little cottoif-wool fastened to the end of a 
wire and dipped in sulphuric acid. 

Mercurial Vacuum Gau£e. —This gauge indicates directly the 
absolute pressure inside a vessel such as the condenser of a steam engine, 
the suction pipe to an air-pump, or the vacuum pan of a sugar-refinery. 
The simplest form is shown by the second figure on the previous page. 
It consists of a vertical glass tube a little over 30 inches in length, with its 
lower end open and dipping into mercury contained in an iron bottle, 
while its upper end is attached to a brass cock and pipe connected with 
the vessel or condenser. A scale is fixed behind the glass tube graduated 
on the right hand into inches, and on the left hand into mnlimetres, 
but it would be more convenient if this latter scale were divided so as to 


show the absolute or the back pressure in lbs. per square inch due to an 
imperfect vacuum. The more perfect the vacuum, the higher the mercury 
rises in the tube, due to the atmosphere pressing on the mercury through 
a small hole near the top of the iron bottle. Every 2 inches of rise corre¬ 
sponds to a diminution of about 1 lb. of back pressure per square inch. 

It does seem absurd that we should thus continue to register pressures in 
three or four different ways. 

1. In lbs. per square inch above the atmosphere—e.p , in the case of the 
pressure of steam in a boiler by ordinary steam gauges. 

2. In inches of mercury from atmospheric pressure downwards, towards 
a perfect vacuum, or in lbs. per square inch below atmospheric pressure— 
e.g. % in the case of ordinary vacuum gauges attached to condensers. 

3. In lbs. per square inch reckoned from a perfect vacuum, or what are 
termed lbs. per square inch absolute— e.a. t in the case of the back pressure 


confusion, and only one way of reckoning pressures--viz., from absolute 
zero. 'Condenser vacuum pressures would then range from 0 to 15 lbs., 
and boiler pressures from 15 lbs. upwards. 

Bourdon’s Pressure and Vaeuum Gauges.— Steam pressures in 
boilers or pipes are usually indicated by Bourdon’s pressure gauges, and 
negative or vacuum pressures in condensers, &c., by Bourdon’s vacuum 




The construction of Bourdon’s pressure gauges Ts clearly shown by the 
figures on the opposite page. Figure C shows the internal mechanism of 
such a gauge in its earnest and simplest form. Figures A and B show a 
sectional elevation and plan and a front outside view of a modem high- 
pressure gauge as made by Messrs. Schaffer & Budenberg. The internal 
mechanism of this modern form of gauge differs from the older forms only in 

a - — aia in m mn A a £» MA MM 4*A /vviva —-- 1 _ A. VI _ - 


tub*, T. This tube is made of hard brass or steel, and has its U] 
hermetically sealed. The cross-section of this tube is of a fiat oy$p 
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shown in, figure D. Ik has its greatest bresdthVfixed perpendicularly to 
the /direction in which the tube is Curved. ‘ When the pointer is at zero 
(that yi,' when the pressure inside the tube is the same as that, outside) the 
tube is in its normal state as regards shape and curvature. If, how, the 
presaureof the fluid contained in the tube be above the external or atmo* 
spherio pressure, the tube tends to become more and more circular in cross: 
section the greater the pressure within it, and the tube as a whole tends 
to straighten out, thereby pulling the link, L, upwards. This motion 
is transmitted to the quadrant, Q, and thence to the toothed wheel, T W, 
fixed on the same axis as the pointer, P, which latter moves over the scale* 
Should the pressure within the, tube be less than that of the surrounding, 
atmosphere (as is the case when the instrument is measuring the vacuum of 
a condenser), then the cross-section of the tube becomes flatter than its 
normal or ordinary shape, and, consequently, the closed end of the tube 
curves inwards, thus moving the pointer, P, in the other direction. 



Diagram Showing the Action of the Bourdon Tubs 

under Pressure. 

The discovery of the peculiar action of the tube in a Bourdon gauge is 
exceedingly interesting. M. Bourdon was engaged trying to restore to its 
original circular section the worm-pipe of a still which had become 
flattened. He endeavoured to do so by pumping water into the pipe at a 
great pressure, knowing that the section of the pipe would conform to the 
shape consistent with greatest strength, which, of course, is the circular 
shape. During the experiment, however, it was observed that not only d : d 
the shape of the cross-section tend to change, but the tube as a whole 
tended to straighten out. The observation of these facts thus led M. 
Bourdon to usefully apply a bent oval tube in the form of a gauge for 
measuring fluid pressure, c 

The following is an explanation of the action which takes place:— Let 
X Y Z represent the carve of the tube in its normal state, Z, being the free 
or movable end. Let mon represent the cross-section of the tube when 
the pressure inside is balanced by, or equal to, that outside. It is shown 
by higher geometry that when a flexible and inextensible surface is bent 
simultaneously in two directions at right angles to each other, that the 
Moduot of the curvatures, 4 in these directions, is a constant quantity . Now 
7 \ r 

/;<*The curvature of a line at any point is the reciprocal of the radius qf the curve at 
The curvature of a circle is constant and equal to i, where r is the radius 
ife circle- - ’ 
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the tube of a Bourdon's gauge it bent in such a rpanner-^for it La bent 
in the direotion of its length, and also at right angles to this direction. 
Let r u r s be the radii of these two curves, the latter being the curve 
of the cross-section. Then by the above theorem, 


x — = constant. 
r x r, 

From this equation it follows that when one factor of the term on the 
left-hand side increases the other factor must decrease, and conversely. 
Now this is really what happens. When # the pressure of the fluid inside 
the fftbe is increased the cross-section tends to become rounder, like the 
dotted lines, m o' n, that is, the radius of the curve> r 2j *becomes leas. 
Consequently, the curvature is greater than before, so that the curvature, 

1 of the tube in the direction of its length is less than before, whioh 
r i 

means that the tube has straightened out into some position such as 
X Y' Z\ The pointer is thus moved to positions which have been marked 
by trial to correspond with the excess of pressure inside the tube above 
that outside. The reverse of this takes 
place when the pressure within the tube 
is less than that outside— i.e., the cur¬ 
vature of the cross-section becomes less, 
whilst that of the tube becomes corre¬ 
spondingly greater. 

Schaffer's Gauge. — Another form 
of gauge, which represents Schaffer’s 
patent, is shown m the accompanying 
figure, the difference between it and the 
Bourdon patent being, that the former 
relies upon the natural elasticity of a con¬ 
centrically corrugated steel plate placed 
across tile hollow opening in the flange 
of the pipe, G, which communicates with 
the boiler or condenser. The centre of 
this corrugated plate is attached by a 
clip and rod to the toothed quadrant as 
shown. When the pressure is greater 
than that of the atmosphere, the cor¬ 
rugated plate is bulged upwards, and 
when it is less, it is bulged downwards. 

These motions, being proportional to 
the pressures per square inch, are corre¬ 
spondingly indicated on the graduated dial by the pointer. 

Pressure Pyrometer.—In Lecture III., under the heading of Pyro¬ 
meters, we referred to this instrument, which depends for its action upon 
the fact that the pressure of a gas, generated from a liquid with whioh 
it is in direct communication, corresponds to the temperature of the 
liquid. The name given to it by the makers is the ThalpotaslmetGF, 
and it iB constructed, as may be seen from the following figures, of a 
metal stem, containing the 9 liquid, and ending in a Bourdon or Schaffer 
gauge. The metal stem is shown fixed in the first case into a pipe, and 
m the seOdjid case into a fine, through whioh hot gases are passed. 
Thei^ temperature inside the pipe or the flue is communicated to the 
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Btem of the instrument, and therefore to the liquid within tb. It 
he placed within the stem, then the pressure (and consequently tl 

r _ Ijssssssssa 1988SS9 



Pressure Pyrometers or Thalpotasimeters, 


temperature) rises in accordance with Regnault’s tables. Instruments 
filled with ether aro made and graduated from 100° to 220° Fah.; those 
filled with water, from 212° to 680° Fah.; and those filled with mercury, 
up to 1,400° Fah. 
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Lkotueb YII.—Questions, 

S 

1. What Is the distinction between sensible and latent heat? 

2. Describe an experiment by which yon could show* that heat becomes , 
latent when water is converted into steam. 

3. What is meant by saying that the latent heat of steam is 966*6? 
Point out the sources of error in Black’s experiment when he tried to iind 
the latent heat of steam. 

4. How would you ascertain the pressure of the vapour of water at a 
temperature above 212° F, ? Describe seme method of conducting the 
experiment. 

5. When you speak of the “latent heat of steam,” what property of 
steam-do you refer to? State the numerical value of the latent heat of 
steam at 212° F. A pound of water at 212° F. is passed into 20 lbs. of 
'water at 70° F., what is the final temperature? A ns. 76° # 7. 

6. From the table of Regnault’s results, plot out a curve showing the 
rise in pressure of steam with increase of temperature. 

7. How many pounds of ice at 32° F. will be converted into water at 
40° F. by mixing it with 6 lbs. of water at 160° F. ? 

6 lbs. of water gives up 6 (160° -40°) = 720 units. 

1 lb. of ice takes up 143 + (40 - 32) = 151 „ 

. *. 720 -5- 151 = 4*768 lbs. 

8. Into 1 cwt. of water at 45° F. is poured 20 lbs. of water at 160° F., 
and then 4 lbs. of ice at 32° F. are added. What is the final temperature 
when the ice has just melted ? 

Water 112 (45° - 32°) = 4* 1456 units of heat from 32° F. 

Water 20 (160°-32°) = + 2560 „ „ 

Ice 4 x 143 = * 572 to convert 4 lbs. ice into water. 


Total 136 lbs. mixture = 3444 units left. 


... 3444 +- 136 = 25 32 above 32° or 57°‘32F. 

9. If the heat which just melts 8 lbs. of ice at 32° F. were applied to 
30 Jbs. water at 60° F.^ to what temperature would the water rise ? 

8 x 143 = 1144 units of heat required to melt the ice. 

Now, 30 lbs. of water raised 1° F. = 30 units of heat, 

. \ 1144 +■ 30 = 38°T3 F. of rise from 66° F. or 98°*13 F. 


10. There are mixed together 200 lbs. of water at 100° F., 3 lbs. steam 
at atmospheric pressure, and 15 lbs. of ice at 32° F. What is the resulting 
temperature when all the ice is just melted ? 


The 200 lbs. water has + 13,600ft, more than water at 32°F. 
ii ’3 ,) steam ,, + 3,438 „ ,, u 

ft I® »» ice „ — 2,145 less „ »• 


• • 


218 „ mixture 
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And 14,893 -3- 218 
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14,893 more 

68°*3F. above 32 
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100°*3F. 
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*" ' U.Define the ten&B latent heat, foot-pound, thermal wit. Write dpwn 
the number which expresses the latent heat of steam at 212^ F. , ana 
explain how that number is arrived at. * 

12. When does heat become latent? What do you understand by the 
expression latent heat of steam f What unit is adopted for measuring and 
oomparing quantities of heat? Write down the number expressing the 
latent heat of steam at 212° F. 

13. What is the thermal unit employed in this country? State its 
measure in foot-pounds. How many thermal units are expended in con¬ 
verting one pound of water at 6(0° F. into one pound of steam at 212° F.t 
Ana. 1,118*6. 

14. Distinguish between the sensible and latent heat of steam. How 
many thermal units must be added to 1 lb. of water at 32° E. to raise it to 
212° F. and evaporate it into steam? How many of these units go to 
sensible and how many to latent heat ? Am . 1,14U*6 B.T.U.; 180 B.T.U.; 
966*6 B.T.U. 

16. Write a brief essay explaining what you consider “sensible”and 
u latent” heat to be; and illustrate the same by means of one or two 
examples. 

16. Prove the well-known law connecting latent heat, temperature, 
pressure, and ohange of specific volume when there is change of state. 
From the following figures find approximately the volume in cubic feet of 
a pound of steam at 293° F. :— 


Latent Heat, in Fahr. 
Heat Units. 


916-1 


mm] 


90M 


(S. & A., 1897} Hons.) 

17. Given a table of temperatures and densities of saturated steam, how 
would you, by means of squared paper, test if there are empirical laws like 
these-.—Volume of 1 lb. = ap n ; total heat = c + e*? What are the 
values, which are usually taken to be correct, for a, n, c, e? (S. & A., 
1898, Adv.) 

18. Given the following temperatures and pressures in lbs. per square 

foot284° F., p = 7,5Q3; 293° F., p = 8,698 ; find ^ roughly. Take 

the well-known formula for latent heat, assuming the specific heat of 
water to be constant, and calculate approximately the volume of 1 lb. of 
steam at 288J° F. Prove the rule you apply. (S. & A., 1898, H., Part i.) 

19. Answer only one of the following (a) or (6):—Describe how you 
would experimentally determine—(a) The calorific value of any kind of 
heating gas or oil; (6) the latent heat of steam, say at about 120° C. 
(B« of E.» 1901, Adv. and Hons., Part i.) 

20. Suppose you were requested to find the, temperatures in the fire-box 
and chimney of a locomotive, or in the furnace and uptake of a marine 
bdiler funnel} how would you do it? Give arithmetical examples in each 


Temperature, Fahr. 

Pressure in Lbs. per 

Square Inch. ‘ 

* 284° 

52-52 

O 

1 

60-40 

302° 

69-21 










LECTURE VIII. 
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Contents. —The successive effects produced by the continuous application, 
of Heat to a piece of very cold Ice u^til Dissociation takes place—The 
boiling point of a Liquid—Experiment of Water boiling at pressures 
lessthan one Atmosphere—Use of large Air Pumps in connection with 
Condensers—Total Heat of Evaporation.—Questions. 


We shall best understand the physical properties of steam and 
the results arrived at by Regnault, by considering, in the first 
place, the several changes which take place in water—from its 
solid condition, ice, until it becomes dissociated under the con¬ 
tinuous application of heat. 


These figures are purely imaginary and not to scale . 

■ i 


l 

p 



IOE 



WATER 



SATURATED DRY SATURATED 
8TEAM STEAM 


Referring to the figure, suppose that wa put 1 lb. of very cold 
ice in the bottom of an open-mouthed cylinder, and place a piston 
on it, which, together with the pressure of the atmosphere, exerts 
a pressure of p lbs. on the square inch. 

Stage 1. — Qn the application of heat to the bottom of the 
cylinder, the ice is gradually heated until it arrives at 32° F. 

Stage 2.—The temperature now remains constant until all the 
ice meltei and becomes inverted into water. The bulk of the 
water being less than that of the ice from which it is formed, 

Ascends a very little. As we have already noticed 
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in Lecture V1X, 143 units of heat must be communicated to the 
1 lb. of ice at 32 s F. before it is all melted into water at 32° F. 

' Stage 3.—Still applying heat, the water increases in tempera¬ 
ture while the bulk diminishes, until 39° P. is reached (the 
maximum density point of water); thereafter, the volume gradu¬ 
ally increases, but in a very slight degree, with the rise in 
temperature, until a little above 212° F. is reached, the limiting 
temperature of the water depending on the pressure, p, lbs. on 
the square inch (see Regnault’s tables). Had the pressure on 
the piston been nothing more than that due to the normal pres¬ 
sure of the atmosphere, viz., 14*7 lbs., corresponding to a 
barometric height of 29-9 inches, then the water would have 
been converted into steam at a temperature of 212° P. 

Stage 4.—The temperature remains stationary at that limit 
value, and the formation of steam commences, the piston rising 
as more and more of the water is - evaporated. So long as any 
water remains at the bottom of the cylinder, we are producing 
what is called saturated steam, or wet steam. This is the con¬ 
dition of steam usually supplied to engines from ordinary boilers 
having small steam space or no steam dome. 

Stage 6.—When all the water in the bottom of the cylinder 
has been evaporated, and just when all the water or aqueous 
particles held in suspension with the steam have been converted 
into steam, we obtain dry steam, or what is sometimes termed 
dry saturated steam; then 966*6 units of heat must have passed 
into the contents of the cylinder, for, as we have already noticed 
in Lecture VII., 966*6 units of heat must be communicated 
to the 1 lb. of water before it is all converted into steam at 


212° P. The ratio of the weight of dry steam to the total weight 
of steam and water is termed the dryness fraction . If x be 
the weight of dry steam dn 1 lb. of wet steam, then (1 -x) is the 
weight of water held in suspension. When of the vapour is 
steam, then ^ is water, or 10% of water is in suspension. 

Stage ’6.—If more heat be added to the dry steam in the 
cylinder, the pressure, P, on the piston remaining the same, the 
temperature will again begin to increase, and we get what is 
termed superheated steam . The more it is heated, the more 
nearly do its properties approach to those of a perfect gas. If 
the top of Hie cylinder had been closed from the commencement. 
of stage 3, the pressure would have risen with the temperature 
until the commencement of stage 6, in accordance with Regnault’s 
dpileSj given at the end of last Lectur&j but during stage 6 we 
.^^RiatinicatG more heat to the steam than its pressure would 
pMioate 4>y the tables, Superheated steam up to 500° or ^yen 
F, is now used for engines. The'various- reasons 'ter mite 
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rapid-adoption ate given later on in Lecture XIV., <fco. (see 
Index). 

Stage 7. —Steam cannot be heated indefinitely without a 
molecular change taking place, termed dissociation, when it 
separates into constituent gases—hydrogen And oxygen. This 
action is practically carried out in the process of making “ water 
gas,” by blowing dry steam over very hot plates before car¬ 
bonising it, ready for illuminating purposes. 

Thus the successive effects produced by the continuous appli¬ 
cation of heat to a piece of very cold ice are:— 


1. Heating ice up to 32° F. 

2. Melting ice, absorption of latent heat, 143 units per lb. 

3. Heating water up to boiling point. 

4. Formation of saturated steam, no increase of temperature. 

6. Formation of dry steam, due to the complete absorption 

of the latent heat, or 966-6 units per lb. of water. 

6. Superheated steam, increase of temperature above stage 3. 

7. Dissociation or formation of hydrogen and oxygen. 

8. Heating, no further alteration of the physical state. 

Boiling Point.—Before treating of the “ total heat of evapora¬ 
tion,” we shall digress a little to consider what is meant by the 
boiling point, or the temperature of ebullition. 

The boiling point of any liquid is that point on the temperatme 
scale, when the tension throughout its mass just overcomes the sur¬ 
rounding pressure. The temperature of the boiling point, there¬ 
fore, depends directly on the pressure under which the liquid 
is evaporated, and the greater the pressure the higher the 
temperature at which it boils. 

The boiling points of fresh water at different pressures are 
approximately as follows (compare tins with Regnault’s table 
in Lecture VII.)*— 


Under a pressure of ^ atmosphere, 


123° Fah. 
160° 

179* 

212 " 

249° 

273° 

291° 

306° 

319° 


It is thus clear that water will boil or give off steam far 
•below, as well as far above, its normal boiling point, 212° F. 

. • To illustrate this take a glass flask half full of water with a 
t^ejpoometer in it. heat it. over a spirit lamp or Bunsen burner 



* * t 

m 


LKCrtrRK Till. 


■* - 1 ' • 


uhtfi~the Water just begins; to boil and the temperataif!e, *l^ 
registered by the thermometer, is 212° F. ‘Now attach 
shown, to. an air-pump, A P, by a flexible india-rubberimbe, and 
begin extracting the air. The water is observed to boil viblentlyj 
although it may nave cooled down to as low as 180° F. This 
plan of attaching it to the air-pump is much better than that 
of placing it under the glass-bell jar of the pump, as it permits 
the thermometer- being easily seen after the moist steam has 
begun to rise, » 


i' 


V 



4 1 * ' 

. . If an air-pump is not at hand, the following simple experiment 
will illustrate the fact equally well to a class:—After heating 
the water in the flask to 212° F., and letting it boil freely for & 
minute to expel the air, cork it up quickly and tightly, leaving 
a thermometer inside. Now pour cold water, on the outside of 



fur generated equals that of the natural tension of '.the 
Vate? ; but' condense this vapour by a second *ppU<»tfcm of cold 




BOItlKO ?OTH3f O* WAT®*, 105 

Water, «jai^l thetemperatttre 

jbelow %9P&;< $' Inowledge of these facts is most important to 
tthe engineer, for it shows him that in the condensers of latgd 
[engines, he must provide air-pumps of sufficient capacity to carry 
foff the steam vapour generated at even low temperatures. It 
'was only last year that an acquaintance of the author’s, over¬ 



looking this point, put in a set of very small air-pumpB to a 
pair of marine engines which he was constructing, under the 
impression (due to miscalculation) that all that was necessary was 
to lift the condensed water, and that marine engineers generally, 

| were putting on air-pumps out of all proportion to the work 
to be done! He soon discovered his mistake, for, on the day of 
the trial trip, he could not keep up a vacuum above a few inches. 
In addition to the steam vapour which is generated at pressures 
below the atmospheric pressure, any air which may have come over 
1 w^th the steam a£ once expands on a reduction of pressure, and 
, has to be sucked away at every stroke, otherwise it will spoil 
| the vacuum. We shall refer to this point again when we come 
1 to treat of condensers and air-pumps. 

The experiment of raising the boiling point by raising the 
pressure is easily done. Procure a flask, as in the former 
experiment, with a tight-fitting stop cock. Half fill the flask 
with water, heat it with the cock open until the water boils 
and all the air has been expelled, then shut the stop cock. 
The steam now generated rises in pressure and temperature. 
The increasing pressure raises the boiling point and thus stops 
the violent ebullition, unless heat is applied very rapidly. Allow 
the temperature to rise, say to 240" F., then slightly open the 
cock, ebullition is at once observed, although the pressure is« 
equal to two atmospheres above a perfect vacuum. . 



106 


LBCTURE VIIL 


Leoturh VUL—Questiohs, 

1. Describe In your own words the several effects which take place 
In succession on applying heat to a lump of ice enclosed in a cylinder. 
Distinguish between saturated Bteam, dry saturated steam, and super*' 
heated steam. 

2. How much ice at 0°C. will be converted into water at 5° 0. by mixing 
it with 10 lbs. of water at 80° 0. ? Ans. about 9 lbs. 

3. The latent heats of 1 lb. of water and 1 lb. of steam are respectively 
143 and 966*6 according to the Pah. scale; work out in full by proportion 
what they are according to the Cent, scale. Ans. 79*4 and 537. 

4. How many British units of heat are required to raise 1 cubic foot 
of water (62*5 Ids.) from 15° C. to 100° G.? Ans . 9562*5. 

5. What is the resulting temperature on mixing 20 cubic feet of water at 
212° F. with 100 cubic feet at 10* C.! Ans. 77° F. 

6. The diameter of a cylinder is 20 inches, steam is admitted at a pressure 
of 100 lbs. on the square inch; what is the total pressure in lbs.? Ans. 
31,416 lbs. 

7. Steam blows off at 60 lbs. pressure from a boiler by gauge, the 
barometer stands at 29 inches; what is the temperature of the water in 
the boiler? Am. 307°’4 F. 

8. Account for the use of larger air-pumps being used with condensing 
engines than would merely suffice to lift the weight of water in the 
oondenser. 

9. What is meant by the “ dryness fraction,’ 1 and how is it estimated ? 

10. How many units of heat would be absorbed in raising 18 lbs. of 
■team of atmospheric pressure from water at 65° F. ? Ans. 20,044. 

11. How much water at 55° F. could just be brought to the boiling point 
by the latent heat given up by 2 lbs. of Bteam at atmospherio pressure 
being condensed? Ans . (966 x 2)-f 157 = 12*3 lbs. 

12. What are saturated , superheated , and wet steam respectively ? Why 
is there a loss of efficiency in using wet steam ? Define a thermal unit, ana 
explain the method of measuring the latent heat of steam. 

13. If one pound of Newcastle coal develops 12,000 units of heat by its 
complete combustion, how much water at 60° F. should be converted into 
steam at 212° F. by the consumption of 1 owt. of such fuel, assuming that 
there is no loss of heat during the operation ? Ans. 1,201*5 lbs. 

14. At an Eleotric Power Station, 4,150 units of elebtrio energy were sbld 
in 24 hours, the coal consumed being 16,200 lbs. And, on another occa¬ 
sion, 2,489 units were sold in the 24 hours, the coal consumption being 
12,380 lbs. It is known {hat, if units of electricity and weight of coal are 
plotted on squared paper, the points will lie fairly well on a straight line. 
The maximum output is 25,000 units. Find the coal consumed in the 24 
hours when there are the daily outputs of 8, 16, 24, and 50 per cent, of the 
maximum. In each case what is the coal per unit? Tabulate your 
answers. (B. of E., 1902, Adv.) 



LECTURE IX. 


Contents.— Total Heat of Evaporation—Quantity of Water required for 
Condensation of Steam, with .Examples— Questions. 

Total Heat of Evaporation.—The total heat of evaporation is 
the sum of the sensible and the latent heats of evaporation, and 
is approximately a constant quantity for pressures near the 
atmospheric pressure. 

The heat required to elevate the temperature of 1 lb. of water 
from the freezing point, 32° F., to the temperature of evaporation, 
is called the sensible heat,* and the additional heat required to 
evaporate it is termed the latent heat (see Lecture YII.) 

The total heat of evaporation for water is, therefore, the 
quantity of heat in thermal units necessary to raise 1 lb. of 
water from the freezing point, 32° F., to the particular tempera¬ 
ture at which it is being evaporated, and to evaporate it at that 
temperature. 

Let H stand for the Total heat of evaporation in B.T.U. 

B „ „ Sensible heat „ „ . 

L ,, ,, Latent heat ,, „ 

Then, H = S + L. 

Now, since we have defined a unit of heat to be the quantity 
of heat necessary to raise 1 lb. of water by 1° Fah., the amount of 
heat imparted to 1 lb. of water, in raising its temperature from 
33? F. to 212° must be (212 - 32) = 180 such units, t 
Therefore the sensible heat of steam at 212° F., is said to be 180 
units per lb. or 180. Again, we saw, Lecture YII., that the latent 
heat of Bteam at 212° F. was in round numbers 966 units per lb., 
or 966. 

* The reason for starting from the freezing point of water, and not from 
zero Fah., is that we thus avoid the introduction of the latent heat of water. 
Of course, if the water is of higher temperature than 32 s F. to start with, 
the heat required to be applied to it to bring it up to the point of evapora¬ 
tion is correspondingly less. 

t We here neglect, for the sake of simplicity, the addition to our former 
definition of this unit (see^Lecture IV.)—“water at its maximum density 
point,” and, therefore, the very slight difference In the sensible heat caused 
oy the increase of the spedfio heat of water as it rises in temperature. 
This difference simply amounts-to that between 180 units and 180*9. '• 
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Therefore the tote? Aeo< of steam at that temperature must he— 

* fl « 8 + L 
= 180 + 966 
= 1,146 Units of Heat. 

If steam is generated at a higher temperature than 212 s F., 
the sensible heat increases, and the latent heat decreases. 

The following formula, deduced from Regnault’s experiments, 
gives approximately the latent heat Of steam produced at other 
temperatures Fah.:— 

L = 966 - 0-7 (<°- 212°). 

Wheie L, is the latent heat, and t°, the temperature of evapora¬ 
tion on Fahrenheit scale. 

Consequently, the total heat of evaporation, at any tempera¬ 
ture, t°, must he— 

H = S + L 

= (t° - 32°) + 966 - 07 (*° - 212°) 

- 1,082-4 + 0-3 1°. 

For eximple.—Let us find from this equation the total heat of steam at 
212° F. Then t°= 212° and -3 x 212=63*6, which, added to 1,082*4=1,146, 
the same as before and in Table II. 

The relation between the above heat quantities may be still further 
studied by comparing the following Heat Family Tret with Table H. in 
Lecture VII. and Example I. in Lecture XL: — 


Total Heat Expended, 
H bS + L 


Increase of Sensible Heat, 


Latent Heat of Evaporation, 
L 


Internal Work Done, or External Woik Done daring 
increase of Internal energy, w Vb 

during evaporation, evaporation, Hb = -y-. 

* H r - L - Hb. 144 p (Vg - V„) 

v— ■- ■ y~— ■ — ' or, Hb =- yjg -- 

Internal Energy, Ej = 8+Hi. 

For example, select from Table II. any pressure to test the above equa¬ 
tions. Let p = 100 lbs. absolute, then we see from pp, 125, 126, that— 


4*403 




81-17 


Here, H 
And Hb 
Hi 

And Ex 
But H 


8 + L » 297-9 + 884 = 1,181*9 B.T.U. 

_ 81-17 B.T.U. 

L - Hb = 884 - 81-17 = 802 83 B.T.U. 

S + Hi « 297-0 + 802-83 = 1,10073 B.T.U. 

Hu + Bi « 81-17 + 1,100 73 - 1,181-9 B.T.U., at above. 










MCOTTJBE IX 


* Lkoturb IX.— Questions. 

1. If & pound of water at 212° F. be mixed with x pounds of water at 60', 
what is the value of x when the resulting temperature is 120'T Again, if a 
pound of steam at 212° F. be mixed with y pounds of water at 60°, find y 
when the resulting temperature is 120°. Account for the difference be¬ 
tween x and y . Ana. x » 1*53 lbs.; y = 17*6 lbs. 

2. What is the latent heat of steam ? If a quantity of steam weighing 
one pound, and at temperature of 212° F., is condensed in 100 lbs. of 
water at 60° F., what is the resulting temperature f An*. 71 Oa 06. 

3. In a jet condenser the temperature of the condensing water is 60° F. 
and that of the entering steam is 193° F. Also the condenser remains at a 
temperature of 120°. Under these conditions find the weight of condensing 
water per pound of Bteam which enters the condenser. Am. L7*53 lbs. 

4. If there pass at the same time into the condenser, and from thence 
•into the hot-well, 2 tons of water at 55° F. and 1*5 cwt. of steam at 
atmospheric pressure, what will be the resulting temperature ? A ns. 95° *6 F. 

5. Hot-well 105° F., injection 53°, and steam at atmospheric pressure. 
Required number of pounds of steam condensed by 4 cb. ft. of the mjection 
water. Ana. 121 lbs. 

6. From 1886 Steam Examination. Temperature of injection water 
60' F., temperature of hot-well 100° F., latent neat of exhaust steam 1016 
units, its temperature being 140° F.; find the pounds of injection water 
required per pound of steam condensed. Ana. 26*4 lbs. 

7. The cylinder of an engine is 74 inches in diameter, and the stroke is 
5*6 feet; what is the capacity of the cylinder in cubic feet? How many 
pounds of water must be evaporated in order to fill the cylinder with steam 
at a pressure of 16 lbs. absolute (atmospheric pressure), it being given that 
steam of that pressure occupies 1,642 times the volume of the water from 
whioh it is generated? Am. 164*27 cubic feet; 6*24 lbs. 

8. An engine working without expansion has a piston of 144 square 
inches in area with a 12-mch stroke, and the number of double strokes per 
minute is 60. Steam is supplied at a temperature of 293° F., (the volume of 
1 lb. of steam at 293° F. being 7 cb. ft.), find units of heat required per 
minute for steam from water at 60° F. Am. 19,753*7. 

9. Define the term “ latent heat and distinguish between the heat 
expended in external work and that expended in internal work during 
evaporation. Find in foot-pounds the external work?done in converting 
1 lb. of water at 212° F. into steam at 212° F., having given volume of 1 
lb. of water = *016 cubic foot. Volume of 1 lb. of steam at 212° F. = 20*4 
cubic feet. Pressure of steam at 212° F. = 14*7 lbs. per square inch. Find 
also the internal work dorib. Am. 55,849*65 ft.-lbs.; 690,365*55 ft.-lbs. 

10* A unit of heat is sometimes expressed in thermal units and some¬ 
time in foot-pounds. Explain the meaning of this distinction* How 
many foot-pounds of work are done in converting one pound of water 
from a temperature of 104° F. into steam at 328° F. corresponding to an 
absolute pressure of 100 lbs. per square inch ? If the volume of 1 lb. of 
steam, at the above temperature and pressure, be 4*33 oubio feet; find 
external work done during formation, and weight of steam used per hour 
peirhorse-power. Ana. 1,108*8 B.T.U.= 855,990*6 ft.-lbs.; 62,352 ft.-lbs.; 
3l041ba. 
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LECTURE X. 

Contints,—E xamples of the Quantity of Water required for Condensation 
of Steam with a Jet Condenser continued—Also with a Surface Con¬ 
denser-Tube Surface required under different conditions.—Questions. 

Nqw, let us try the same two questions given in the last Lecture, 
but on the Cent, scale, if for no other purpose than to observe 
the great advantage of using that scale. 

Either referring to our comparative table of thermometer scales, 
or by calculation (Lecture III.), we observe that— 

212° F. corresponds to 100° 0. 

60° F. „ 15°-5 0. 

100° F. „ 37°-7 0. 

and 1146 units on F. scale = 637 on 0. scale. 

.-. Taking the first example of 1 lb. of water at 100° 0., mixed 
with- as lbs. of water at 15°‘5 0., the resulting temperature being 
37°-7 O., <fec. 

The Loss of Heat from the Water at 100° G. — the Gain of Heat 

by the Water at 15" -5 C. 

1 x (100° - 37°*7) = a: x (37"-7 - 16"-5), 

62-3 = 22-2 x, 

• • * = SI “ 2 ’ 8 ibs * 

Again, taking the second example of 1 lb. of steam at 100° O., 
mixed with x lbs. of water at 15°-5 0., the resulting temperature 
being as before 37"-7 0. 

TJtb Lose of Ueat*from the Steam at 100° C. — the Gain of Heat 

by the Water at 15°-5 C. 

1 x (637 - 37"-7) = * x (37®‘7 - 15"-5), 

599-3 = 22-2 x, 

••• * - W “ 26 9 lbs * 

If we had taken round numbers on the Cent, scale, as we. did 
on the Fah. the advantage would have been still more apparent. 
We give another example on the subject of our last lecture 
more in accordance with what takes place in actual practice. 
The points we have hitherto considered were meant to lead up • 
$o this one. We shall again refer to this question of the m 
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quantity of water required for condensation when we come to 
compare the relative efficiences of jet and surface condensers. 

Example.—A vacuum gauge placed in. the exhaust pipe of a 
l&w-pressure cylinder indicates 26 inches, while the mercurial 
barometer stands at 30 inches. The temperature of the hot- 
well is 100° F., what is the minimum weight of injection water 
at 60* F. that will produce this result per pound of steam entering 
the condenser ? 

Let 30 in. by barometer correspond to 15 lbs. absolute j 

Then, 30 in. : 26 in. : : 15 : y 

15 x 26 

v = =13 lbs. vacuum. 


Therefore, a 26-inch vacuum corresponds to a back pressure of 
(15 - 13) =.2 lbs. absolute. Now, 2 lbs. absolute pressure cor¬ 
responds closely to a temperature of 126° F. = t x (see p. 74). 


The Loss of Heat from the Steam at 126° F. = the Gain of Heat 

by the Water at 60° F. 


The 1 lb. of steam at 126°F. loses 1 x {1082-4 + -3 ^ - (100° - 32°)}, 

= 1052-2 B.T.TL v 

The x lbs. of water at 60° F. gains x x (100 a - 60°), 

= 40 a B.T.TJ. 


1052-2 = 40 *, 


• • 


* 


1052-2 

40 


26-3 lbs. 


It will thus be clear on comparing this result with the last 
example in Lecture IX., that almost the same weight of water 
is required per pound of steam, whether the steam exhausts 
at atmospheric pressure or not, for it is the 966 units of latent 
heat which the injection water has to contend with, more than 
the* few units of sensible heat in the steam. 

We observe that the hot well was 100° F. This gives off 
steam vapour corresponding (see Regnault’s tables, Lecture VII.) 
to an absolute pressure of *942 lb. on the square inch, or about 
-equivalent to a 28 inoh vacuum, supposing no air to be let free 
from the water. Of course, if air is set free, it will reduce 
' the vacuum still further without a corresponding rise in tern- 
' perature, and thus the advisableness, as we shall see further on,} 
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of freeing from air as Jar as possible all feed-water to a boiler, j 
especially when working with surface condensers. 

In practice the hot-well water in sea-going steamers is kept 
at between 110° and 120° F. In order to do this, the cubic 
capacity of the jet condenser should not be'less than one-third 
that v “6f the cylinders exhausting into it, and the weight of 
injection water (at a velocity of 30 feet per second) in temperate 
climates from 25 to 30 times that o| the steam, or from 30 to 35 
times in the tropics. In the Red Sea the temperaturo of the sea 
watef* near surface in the summer season often exceeds 85 s F. 


The jet condenser has now, however, been almost entirely 
superseded by the surface condenser, owing to its many im¬ 
portant advantages, which will be fully detailed when we come 
to describe marine engines using high-pressure steam. Owing 
to the fact that the condensing water does not come into direct 
contact with the exhaust steam, the temperature of the former is 
not raised quite so much as with the jet condenser, in practice 
it is probably never raised much more than, 40° F., so that a 
slightly larger quantity of it is required. The Condensing water| 
is forced by means of a circulating pump through a double or| 
treble series of brass tubes about 4 inch external diameter/' 
and generally -048 inch thick. Usually the water is sent first 
through the lower tier of tubes, and then through the upper, 
thereafter discharging freely through the ship’s side into the 
sea, so that the exhaust steam impinges against the sides of the 
warmer or upper set of tubes. 

Suppose the exhaust steam to enter the condenser at a mean 
absolute pressure of 3 lbs., corresponding to a temperature of 
142" F. (£/, and to be condensed into water at 120° F. (£ s ); also, 
that the circulating water enters at 60° F. (t z ), and is discharged 
at J00' F. (tf 4 ), how many pounds of circulating water will be 
required per pound of steam 1 


The Total Loss of Meat from Steam =* the Total Gain by Water. 

1 lb. {(1082*4 + ’Si.) - (f 2 — 32)} = *fbs. (f 4 -< 3 ). 

1 {(1082-4 + -3 x 142) - (120 - 32)} = *(100 - 60). 

1037 = 40*; .*. * =* 25*9 lbs. 


So we see that with the least practicable loss in heat of the steam and 
the .highest desirable gain of heat by the water, not less than 26 lbs. of 
water are required with the surface'*' condenser, whereas with the same 
temperature loss in steam aad rise of water temperature from 60* to 120°, 
the theoretical quantity of water required with the jet condenser- would 
only have been about 17 lbs. It is usual to allow about 40 times the weight 
of steaiu for general traders and 60 times for ships always in the tropics. 

J Size of Surface Condensers.—The foregoing calculations ate simple, 
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interesting and instructive exercises for the student They do not tell him 
the sice of condensers adopted in practice. -When ordinary low-pressure 
>ndensinK engines were used, it was customary" ' fbr yo mfiny 

iRirfiftSe per indicated barsegw^ 

wftt a terminal pressure of o lbs. absolute, use 
>r LH.P. M Now, however, since the’mfroduotlbiihF cbmgonnd 
expansion engines, such a “rule of thumb 1 ’ does not hold good, 
for it is evident that the weight of steam used and to be condensed, varies 
considerably for a given horse-power with the initial pressure. . For example, 
two different engines indicating the same power and having the same 
terminal pressure may use the one 1 steam of 60 lbs., and the other of 200 lbs. 
initial pressure; consequently, the weight of steam to be condensed is much 
less in the second case than in the first, and, therefore, a less condenser 
surface would suffice for it, A common rule is that of specifying a certain 
condenser surface per sq. ft. oi boiler heating surface, and the author finds 
that one eminent firm adopts an average of *7 sq. ft. per sq ft. of boiler 
heating surface with natural draught. In order, however, to place this 
matter more thoroughly before the student a table marked. “Surface 
Condensers” has been added to this lecture, from which it will be 
seen that from 22 examples the most natural rule seems to be the ratio 
subsisting between the condenser surface, and ilie product of the capacity of 
\ow-presmre cylinder with the terminal pressure, which gives a mfean of 
3 24. It is very seldom that engineers go to the trouble of measuring either 
the weight of circulating water or its rise in temperature. 

Mean of Twenty-Two Examples of Surface Condensers, Made and 
Fitted on the Clyde between 1875 and 1890. 
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Here it will be observed, that with a mean terminal pressure in the low¬ 
-pressure cylinder of 10 lbs. absolute (or a very low vacuum of not more 
$ian 10 inches) we have 1*95 square feet of cooling surface in the condenser 
for every whereas, with the British battleships, cruisers, sloops, 

and gunboats, built between 1900 and 1903, the mean is 1*1 square feet per 
I.H.P. In the U.S. of A. recent similar men-of-war give a mean of 1*3 
square feet per I.H.P., and for torpedo-boat destroyers the ratio is only *8 
square fopt per I.H.P. This shows the decideji tendency to out down the 
and weight of surfooe condensers. By using more rapidly-acting centri¬ 
fugal circulating pumps for circulating the water through the condenser, and 
also from the foot, that with higher pressures and triple-expansionjaMnea a 

E eater I.itP. is obtained for the same weight of steam used. Tms may 
still further reduced In future by employing highly superheated steam. 
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£$x*nm» IX.—Questions. 


1. Whaticmafltfty of water is required to obtain one oubie foot of steam at 
214° F. I What quantity of heat exists in such steam without being sensible 
to the thermometer ? How much water at 60° P. should you allow for the 
condensation of each cubic foot of steam at 212° F. during the working of 
an engine, hot-well 100° F.? Ana . 1*05 ob. in.; 36*7 units of heat; 1*02 lb. 

2. The temperature of the»hot well is maintained at 38° C., the temp, of 
the condensing water being 10° G. Find the amount of water for conden¬ 
sation per lb. of steam at atmospheric pressure. Ana . 21 *4 lbs. 

3. State the essential differences between jet and surface condensation 
of Steam. Deduoe a formula for determining the weight of condensing 
water required in a surface condenser, in order to condense steam at a 
given temperature into water at a given temperature. The vacuum 
gauge of a surface condenser indicates 22 inches while the mercurial 
barometer stands at 30 inches. The temperature of hot well * 110° F. 
The condensing water enters at 60° F. and is discharged at 90° F. The 
weight of steam passing through the condenser per minute = 80 lbs. Find 
weight of condensing water required per hour. Ana, 168,048 lbs. ss 
76’tt2 tons. 


4. Suppose that in a jet and in a surface condenser the temperature of 
the exhaust steam is the Bame (say 150° F.), also the temperature of the 
hot-well water (say 120° F.), and the condensing water (say 60° F.) If the 
circulating water in the latter only rises 30° F., wnat are the relative amounts 
of water required per lb. of steam ? A ns. 17*3 lbs. and 34*6, or as 1 to 2. 

5. In a surface condenser the tubes are } inch outside diameter, 6 feet 
long and *05 inch thick. How many such tubes will be required, and what 
will be the total cooling surface in square feet supposing the terminal 
pressure of exhaust to be 6 lbs., and the I.H.P. 1000? Again, suppose the 
engine to require i lb. of steam per I.H.P. per minute, and the conditions 
as to temperatures to be the same as in the last question, how many pounds 
or cubio feet of oircnlating water will have to pass through the condenser 
per minute? Ana, 1,273 tubes; 1,500 sq. ft.; 17,320 lbs.; 277 ob. ft. 

6. In an ordinary good surface condenser 16 lbs. of steam at 55° C. con¬ 
denses per hour per square foot of Burf&oo, the temperature of the circulat¬ 
ing water being 15° 0.; how much heat per sooond is this per square 
centimetre of surface? If the two skins of the brass were at 55*0. and 15° 
C.. the brass being 0*05 inch thick, the conductivity of brass in G.G.S, 
units being 0*2, find the heat which would pass per square centimetre. 
To what do you asoribe the small flow of heat in the surface condenser? 
Is there any remedy? (B. of E., 1901, H., Part i.) 

7. In an engine trial the hot well discharge per minute was 29 7 lbs., 
the initial ana final temperatures of the circulating water were 43*6° F. 
and 96*7° F. respectively, the temperature of the condenser steam was 
123*7® F. and the temperature of the hot well was 113° F. Assuming the 
condenser steam to be just dry, find the number of lbs. of circulating water 
per minute. (C. & G., 1903, O., Sect. C.) 
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LECTURE XI * 

Contents. —Work Done during the Conversion of Water into Dry Steam 
—Definitions of Internal and External Work—Efficiency of Steam— 
Efficiency of High Pressure Steam—General Expressions for External 
and Internal Work during Evaporation—Example I.—Heat Reacted 
to Condenser—Example XL—Partial Evaporation—Example III.— 
Generation of Steam in a Closed Vessel—Factor of Evaporation — 
Examples IV. and V.—SteaiVi Calorimeter or Dryness Fraction Indi* 
cator—Examples VI. and VII.—Questions. 

Work Done during the Conversion of Water into Dry 
Steam.—We can now give a more definite account of the distri¬ 
bution of heat expended during the conversion of water into 
steam, and thus prepare the way for a more thorough under¬ 
standing of the economical use of steam in a steam engine. 

An ordinary steam engine consists essentially of— 

1. A boiler wherein the steam at a given pressure is generated 
from water at a given temperature. 

2 . A cylinder containing a movable, steam-tight piston, o • 
which the steam acts and does useful work. 

3 . Frequently, another part, called the condenser , is added. 
The function of the condenser is exactly the opposite of that of 
the boiler. For in it, the steam is converted back again into 
water after passing through the working cylinder. Engines 
having only the first two essential parts are called non-condensing ,; 
whilst those consisting of the three parts are called condensing 
engines. These three organs are usually quite distinct and 
separate from each other, the connections being made by pipes, 
valves, Ac. For our present purposes it will be best to leave out 
of account all connections such as pipes and valves. We shall 
therefore suppose the boiler, working cylinder ( and condenser^ to 
be one and the same vessel. Also, we shall neglect all losses of 
heat, such as that due to radiation, conduction, Ac. Further, we 
shall, in the meantime^ consider the case of 1 lb. of water at an 
initial temperature of 32 * F., raised into dry steam at 212 * F. 
The pressure of the steam is, therefore, that due to atmospheric 

l pressure—via., about 14 ’ 7 lbs. per square inch. 

Take a tall cylindrical vessel fitted with a weightless and 
perfectly frictionless piston, and place between the piston and the 
bottom of the vessel 1 lb. of water at 32 0 F. The cylinder being 

* Students will observe that some of the vakies quoted in this Lecture, 
up to p. 135 , from the new Table II., do not exaotlv agree therewith. 
These numbers are from the Steam Table in previous editions, bu fa a a they 
a only vary from thS more exact*new table by a small amount th<£pb not 
affieot the principles and final values materially. 

t * 
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Illustrating External Work done during Evaporation op 

i lb. op Water prom and at 212 0 F. 


sectional area of the area of the cylinder to be one square foot (or 
144 square inches). Then, 

Total pressure on piston = P = 144 x 147 = 2116*8 lbs. 

Since 62*5 lbs. of fresh water occupy a volume of 1 cubic foot, 



~- = *oi6 cub. ft. 
62-5 


The cross area of the cylinder being 1 square foot, it follows 
that the under surface of the piston will be *016 foot above the 
base of the vessel. 

By applying heat to the bottom of the vessel the temperature 
of the 'water will be ultimately raised to 212° F. The heat 
expended in thfc operation is (212-32) = 180 B. T. U. Now, 
the volume of the 1 lb. of water at the end of this operation is 
slightly greater than # oi6 cubic foot, as shown by the graphic 
figure on page 67. The piston has, therefore, been raised by a 
small amount, and consequently work has been done in over¬ 
coming the atmospheric resistance. We thus see that rather less 
than 180 B. T. U. are employed in increasing the molecular 
kinetic energy of the water. This increase in the volume of the 
water between 32 0 F. and 212 0 F. is so small (being only 
•016 x *043 bb *009688 cubic foot (see Fig., page 104)* that it may 

* The volume at 32 0 ^ of a certain quantity of water iB (as shown by 
the^^gjure and text at page 108 ) = 1 * 000 * 27 , and at 212 0 F. = 1 / 043 . * The 
practically ss * 043 . Consequently if a certain weight of water 
. oocupi^lBfeqfc unit volume at 32 ° F. and increases by *043 unit when its 
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safely be neglected. The piston therefore remains stationery 
between those two temperatures. 

Continuing the application of heat to the water at aia° F., the 
same becomes evaporated and the piston rises rapidly, whilst the 
temperature remains constant. Suppose the source of. heat to be 
withdrawn just when the last particle of the i lb. of water has 
been converted into dry steam. Then we know that 966*6 
B. T. U. have been spent in bringing about this change. The 
piston will now be at a considerable height above the base of the 
vessel, and, consequently, a certain fiaction of the latent heat will 
have been employed in doing work against atmospheric pressure. 
Referring to column V s of the * Table of the Propeities of Satu¬ 
rated Steam,” Lecture YII, we notice that 1 lb. of dry steam at 
atmospheric pressure (temp raturo 212 0 F ) occupies a \ olume of 
26*36 cubic feet. Hence the piston will now stand at a height of 
26*36 feet above the base of the vessel. The vertical displace¬ 
ment of the piston is, therefore, 26 * 36-*016 = 26 35 feet ap¬ 
proximately. 

Work done in raising piston = 2 , 116*8 x 26*35 ft. lbs. 

•1 »> «> - 55*777 68 „ 

cc,777 68 

Or, expressed in heat units „ «= ” 772 — ~ 72*25 B.T.TJ, 


Thus, of the 966*6 B. T. TJ. of latent heat, 72 25 B. T. 17. are 
employed in doing mechanical work external to the substance 
(water) which is undergoing a change of state; while the re¬ 
mainder ( 894*35 B. T. U.) is spent in bringing about internal 
changes. 

DEFINITION.— The energy spent in bringing about internal 
or molecular changes in a substance is cabled Internal Work, and 
that spent on bodies external to the substance is called External 
Work. 


The student must carefully distinguish between internal and 
external work. The fobmer represents energy in the substance 
itself, whether in the form of molecular kinetic energy or that 
due to change of state; the latter repiesents energy which has 
passed out of the substance to external bodies. 


temperature is raised to 212 * F., what will be the increase in volume of 

*016 oubio foot of water under the same oiroumstances I Ant. Leu, 

r 

1 : *016 :: *0143 : x . 

0l * 4 . Or, m = » 000688 . 

affeu 
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♦ 

The distribution of boat in converting i lb. of water at 3 a 6 P. 
into dry steam at'.aia 0 F., may be briefly stated thus— 

1. Raising temp, of water from 3a 0 F, to 212* F, = x8o'oo B.T.TJ, 

2. Internal work during evaporation . . — 894*35 », * 

3 . External work during evaporation . . «= 72*25 „ 

Total Heat Expended, . . = 1140*6 B.T.TJ. 


These numbers are in the proportion—180 : 894*35 : 72*25. 
Or, dividing by the smallest number, 7 2 ' 2 5 > the proportion is 
2*5 : 12*38 : 1. "We shall make use of the terms of this propor¬ 
tion in setting out the diagrams of work in the case under 
consideration. 

The student knows from his study of mechanics that mechanical 
work can be completely represented by an area or “ diagram 
of work.” When the effort or pressure is constant throughout 
the displacement (as in the case of the rising piston just referred 
to), the diagram of work is a rectangle, whose height represents 
the constant pressure, and base the given displacement. If the 
pressure varies during the displacement (as in the case of steam 
or gas expanding behind the working piston of an engine), the 
diagram of work will not be a rectangle, but a figure bounded by 
straight and curved lines. In this case, the mean height of the 
figure is a measure of the mean pressure exeited during the total 
displacement, and the length of the figure as before represents 
the total displacement.* 

Now, heat and work being mutually convertible, it follows that 
quantities of heat may just as conveniently be represented by 
areas as quantities of mechanical work. These quantities, how¬ 
ever, differ in thjs respect. In the former there is nothing 
corresponding to the two factors, effort or pressure and displace¬ 
ment, as in the case of the latter. Hence the diagram for a 
quantity of heat may be any shape we. please, so long as it 
contains as many units of area as there are units of heat to be 
represented. It is, however, convenient for our present purposes 
to represent quantities of heat by rectangular areas, and if we 
first draw an ordinary diagram for the external work done during 
evaporation, we may then construct the internal work diagrams 
on the same base, the heights of which need only be drawn in the 


* For further information and examples on the subject of graphical 
representation of work done by constant and by variable forces, See 
*hd II, of the Author’s “Manual on Applied Mechanics.’’ . 
fee slid'lAtoree XIH., XIV., XVII., and XVIII., of the present work 
for theoretMf&Btd actual indicator diagrams of work. 
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proportions stated above. This should be clearly understood 
from what follows. 

We have seen that the expression for the external work is the 
product of the two factors—viz., pressure ~ 2ii6‘8 lbs., and 
displacement = 26‘35 feet. 

Or, External work - 2116'% x 26*35 = 55>777'^8 ft. lbs. 


fwmrcrcrrmmwe 

Diagram for external work, 

+ done during evaporation > , m 

b v 


1 

1 

1 

* 

* 

1 

> 

1 

1 

1 

1 

1 


Diagram for 
Internal work 
done during 
euapoiation 


Draw two lines 0 P, O V at right 
* angles to each other. Along O P 
set off O A, to any convenient scale, 
to represent the pressure of 2116 8 
lbs.; and along 0 V set off O B, to 
any convenient scale, to represent 
the displacement of 26*36 ft. Com¬ 
plete the rectangle 0 A C B. Then 
O A C B is the diagram representing 
the external work done duripg the 
evaporation of 1 lb. of water from 
and at 212 0 F. For its area is 
equal to O A x OB, which is thus 
proportional to 2116*8 x 26*36, or 
55,777*68, the number expressing 
the ft.-lbs. of external work done. 

Now, we have seen that the inter¬ 
ned work done during evaporation 
is 12*38 times the external work. 
Therefore, produce P 0 downwards, 
and cut off a part 0 D = 12*38 x 0 A, 
and complete the rectangle OBED. 
Then tho area, OBED, represents 
to the same scale ps in the pre^jous 
case, the internal work done during 
the evaporation of the water. 

Similarly, on O D produced, cat 
off D F= 2*5 x 0 A, and complete 
the rectangle DEGF. Then the 
area, DEGF, represents the work done in raising the temper¬ 
ature of the water from 32 0 F. to 212 0 F. 

Efficiency of Steam.—By returning the whole of the steam to 
its initial conditions—viz., water at 32 0 F., with the piston *016 
feet above the base of the cylinder, and repeating the above cycle 
of operations (heating, evaporating, condensing and cooling; over 
and over again, the piston will have a vertical rg3i^(^cating 
6 motion corresponding to that of an ordinary steam^ffkine. The 
c maximtMn external work done during each eycle^ill be repre* 
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^ Diagram for heat > 

S K expended in raising s 
r [temperature of water' 
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Diagram showing Iniernal 
and External Work done 
in Converting Water at 
32* F. into Dry Steam at 
212° F. 





seated by the> SffiaH 1 recfenguW ; airea.: 0 ' A ;0 B, whlle tW/total 
heat expended yiU^be represented by the '• muoh larger area,' 
A OOP. From this we can deduce the expression for the 
efficiency of a nob-expansive engine using steam at atmospheric 
pressure from feed water at 32 0 F.* Thus— 

_ Heat converted into useful work. 

Efficiency = - 


»» 


Total heat expended. 
= 083 > "< 63 % 


Hence, under circumstances more favourable than any occurring 
in practice, we see what a small percentage of the total heat 
expended can be usefully employed in the engine. 

The efficiency just found is usually called the Steam Efficiency^ 
to distinguish it from the efficiencies of the boiler and thr ! 
mechanism of the engine. The product of the efficiencies of the 
boiler $nd the engine constitutes the efficiency of the whole 
combination. 

By using feed water at a higher temperature than 32 0 F,, the 
total heat expended per 1 lb. of water evaporated would be less 
than that found above, and, consequently, the steam efficiency 
would be slightly higher. Thus, in jet-condensing engines, the 
feed water has a temperature corresponding to that of the hot 
well; which, in the average, is about no 0 F. Hence, taking 
steam at atmospheric pressure (as before) raised from feed water 
at no° F., we may calculate the steam efficiency as follows:— 

Total heat expended — Increase of Sensible heat + Latent heat. 

„ „ = (212-iio) + 966'6= io68*6 B.T.U. 

External work done ■= 72^25 B.T.U. (same as before). 

SJeam Efficiency - - - 0670 , or, 0;70 %. 

This gives an increase of ’46 % over the first case. 

Efficiency of High Pressure Steam.—Suppose we load tho 
piston pf the tall cylindrical vessel to such an extent that the pressure 
produced on the surface of the 1 lb. of water is, say, 100 lbs. per 
square inch absolute. From what has been already said, we 
know that steam will not begin to be formed (i.e., the water will 
not boil) until the temperature Is considerably higher than 212 0 F. 
The exact temperature at which evaporation commences can be 
found from the Table in Lecture VII. Beferring to this Table we 
see in columns 1 and 2 that the boiling point of water subjected 
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to a pressure of ioai ba. per square inch is 327*58® f, say, 328* 
F. To make the problem before as more practical, suppose the 
temperature of the 1 lb. of water to be 1 10 F. 

Applying heat to the bottom of the vessel the temperature of 
the prater riseB to 328® F., at which point it remains fixed until 
evaporation is complete. During evaporation the piston ascends 
as before, but not to the same height. Referring again to Table 
XI., Lecture VII., we notice, in column V s , that the volume of 
t-lbrof dry steam at a pressure of 100 lbs. per square inch is 
4*403. cubic feet. Hence, after complete evaporation, the piston 
will be at a height of 4*403 feet above the base of the vessel. 
The total pressure on the piston is P = 144 x 100 lbs. 


External work, H B , ( = P * V B = P(V 8 -V W ) 
during evaporation < = (144 x 100) x (4*403 - *oi6 ) ft,-lbs. 
per lb. of water, ( = 63,173 ft.-lbs. 


Or, 


H. = 


Total heat expended 

Increase of Sensible heat 
Latent heat of steam at 3 28° F. 

Total Heat Expended 
Steam Efficiency 


^ - 81-19 B.T.T 7 . * 

778 

f Increase of Sensible heat + Latent 
\ heat. 

328 - 110 = 218 B.T.U. 

966-*7 (328-212) = 884 B.T.U. 

218 + 884 = 1,102 B.T.U. 

8 l IQ 

- - = * 0780 , or, 7*30 per cent 

1,102 ’ ’ * 


Comparing these results with the corresponding ones for steam 
at atmospheric pressure, we notice that the external work in 
this case is only 8 94 B.T.U. more than in the former case. This 
corresponds to an increase of about 13*3 per cent. The increase in 
the steam efficiency, however, is but 7 36 - 6*26, or *6 per qent. 

The student may therefore naturally ask, wherein lies the 
advantage of using high-pressure steam? In answer to this 
question, we should first of all remind him that the engine under 
consideration is a ndn-expansive one. That is, the steam acts on 
the piston with it.. full pressure throughout the whole stroke. 
Consequently, high-pressure steam would not be adopted except 
as a means of increasing the power of such an engine without 
increasing its size. JFor, the use of high pressure necessitates the 
employment of stronger boilers and cylinders, as well as greater 
accuraoy in construction. It is only where steam is used e xpan- 
sively that high pressures can be economically and efficiently 
adopted. \ ^ 

\,jfote. —Joule’s equivalent has been taken as 778 in thertrt»«a,iJor it la 
the most recent value, as noted at end of Lecture VI > fa* 4 - 

¥ 1w 1 
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In drawing the above comparison between the performances of 
the two engines (the one using low-pressu^ and the other high* 
pressure steam) 1 we have taken equal weight* of steam. The 
results of the comparison would, however, he very different if we 
had taken equal volumes. Thus, it is quite clear that steam at 
ioo lbs. pressure, when used non-expansively in a cylinder of 
given volume, would perform yy° = 66 times more work than 
steam at atmospheric pressure under like circumstances in the 
same cylinder. But, then, the weights of steam used in the two 

cases would be very nearly in the proportion 6'6 : i, and the fuel 
consumed would be in the same proportion. Now, the object of 
the engineer is to obtain the greatest amount of work for the least 
possible consumption of fuel, and, consequently, the comparison 
between the performances of two engines should be made with 
respect to the weights of steam used for a given amount of work 
performed. Nevertheless, it is sometimes necessary to know the 
work done per cubic foot of steam used. This may be obtained 
by dividing the work done per lb. of steam by the volume of i lb. 
of steam at the given pressure. Thus— 

Work done per cub. ft. of\ External work du ring evaporation. 
steam at atmos. pressure.) = Volume of i lb. of steam. 

55,777 68 


»9 


W 


26*36 


= 2116 ft. lbs. 


General Expressions for External and Internal Work 
during Evaporation.—We shall now express the preceding 
results in general terms— 

Let t x = Temperature of steam. 
t % ** Temperature of feed water. 

L » Latent heat at temperature t v 
p » Fressure^pf steam in lbs. per square inch. 

V,= Volume in cub. ft. of i lb. of dry steam at pressure^.* 
V« = „ #1 „ water*=‘oi6 cub. ft. 


>9 


99 

99 

99 


99 


99 


99 

If 

II 


99 

99 

99 


Supposing the steam to be dry, then, we fyave— 

heat expended = IX., 

= (*iO + h, 

=s (*, - Q + 966*6- 7 (*j-2i2) B.T.U. 

= 1,115 + *3 ft-y BT.TT.t 

* The volume .of i lb. of dry steam at a given pressure is sometimes 
called the Specific Volume of 6team at that pressure. We find, however, 
that* students often make the mistake of confounding the term Specific 
Volume with that of “ Relative Volume of Equal Weights of S.eam atni 
Water/* and, therefore, we prefer not to use the former term, 
t JhMead ©Remembering this final result; students should deduce it 
required, w>m definition^ as stated in italics above* 
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a. External work 
during evaporation 


Or, 


If 


*» 


II 


•f 


done ) _ f Pressure per x Increase of 

tion f [volume during evaporation. 

■ 144p(T«-VJ ft. lbs. 

= B.T.U. 


»- 3 ~«—*—* 

„ „ = 966-0 - *7 (i, - 212) - 144 B.T.U. 

The value of V„, in the expression for external work is so 
small compared with that of V, for all ordinary pressures, that 
we may safely neglect it in most calculations. 

♦EXAMPLE I.—How many ft.-lbs, of work are done in convert¬ 
ing i lb. of water from a temperature of ioo° F. into dry steam at 
281 0 F. (corresponding to an absolute pressure of 50 lbs. per 
square inch) ? The volume of 1 lb. of dry steam at that tempera¬ 
ture and pressure being 8*31 cubic feet j find external and internal 
work done during formation of steam, and weight of steam used 
per hour per horse power. 

ANSWER.—Here, *, = 281° F., £,= ioo* F., p=5o lbs. 
square inch, V, = 8*3i cubic feet. 

Increase of sensible heat 


per 


I. Total heat expended 

Increase of sensible heat 
Latent heat 

Total heat expended 


( Increase of sen 
+Latent heat. 


— 281 - 100=181 B.T.U. 

= 966*6- 7 (281 -2i2)=9i8*3 B.T.U. 

= i8i+9i8*3=1099*8 B.T.U. 

1, ,, = 1099*3 x 773= 848 , 669*6 ft, lbs. 

a. External work done) - 1AA „ v 
during evaporation / “ 44 ^ ** 

„ ,, = 144 x 50 x8*31=69,882 ft. lbs. 

3. Internal work done) J Latent heat of evaporation 
during evaporation j \ - External work. 

„ .. — 9*8*3 x 773-59,83? ^ lbs. < 

„ „ =049,096*0 ft. lbs. 

4. Let a:=Weight of steam used per hour per horse power. 

External work done per 1 lb. of steam formed=59,832 ft. lbs. 

.*. ,, ,, . ee lbs. ,, ,, = 59,833 x ft. lbs. 

Now, 1 horae-power corresponds to 33,000 x 60=1,980,000 ft. lbs. per hour. 
By the conditions of the question— 

59,832®= 1,980,000 
1,980,000 


Or, 


x= 


59,832 


=83 lbs. 


'/Heat Rejected to Condenser.—In the preceding examples 
it has been tacitly assumed that during the return motion of the 
piston within the cylinder, the condensation of the steam was 
effected under zero pressure— i.e., condensation was so perfect that 
* jj & back preamre was felt on the under surface of the pistpn, The 
S’Mdton, therefore, returned unloaded. The whole pf the ex’teraal 

*** * * Students should oheok this with jp. 109 and newvTable U. 
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work done during the upward motion of the piston was, therefore, 
available for useiul purposes. Had the condensation been in¬ 
complete, part of the work would have been employed in 
returning the piston against the back pressure due to the im¬ 
perfect vacuum. Such perfect conditions as we have hitherto 
assumed cannot be attained in practice. Condensation is always 
more or less imperfect, and consequently we find that the back 
pressure varies from 2 to 5 lbs. pey square inch in condensing 
engines, to 15 or 18 lbs. per square inch in non-condensing 
engines. A perfect vacuum cannot be attained in practice; for, 
water at all temperatures gives off vapours which naturally 
exerts a certain pressure. Thus, at a temperatuie of about 8o° F. 
water vapour exerts a pressure of about *5 lb. per square inch, 
and at a temperature of 102° F. the vapour pressure is 1 lb. per 
square inch. 

The subject presently before us is to determine the amount of 
heat rejected to the condensing water per lb. of steam passing 
through the engine. This, as may be infei red from the above 
remarks, depends upon the conditions under which condensation 
takes place. Consideration of the following three cases will give 
the student a clear idea of the distribution of heat in an ordinary 
steam engine:— 

^ FIRST CASE .—Suppose condensation to take place wider the 
same pressure as the evaporation . 
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Let p = Pressure of steam in lbs. 

per square inch absolute. 
Y* = Volume of 1 lb. of dry 
steam at pressure p. 

Q » Total heat expended per lb. 
# from feed water temper¬ 
ature to steam at pres¬ 
sure p. 

„ R « Rejected heat to conden¬ 
ser. 

As before, let the 1 lb. of water 
be heated under the movable piston 
of a tall cylindrical vessel whose 




cross sectional area is one square External Work Done dub- 
foo.j. For our present purposes, how- * Na Condensation op 

? »I— to the ktac 

spheric pressure on the upper surface bation took place. 

of the piston, and to suppose the 

necessafy pressure to be caused by a weight placed on the piston* 
The magnitn^ of this weight will be, P -144 p lbs f % 




12S 


wotvm v. 


After the water is completely evaporated, the piston will be *4 
a, height of Y f feet above the base of the vessel, and— 

The external work done during evaporation— PY, ft. lbs, 

PY, 


» 41 


M 


«9 


19 


77* 


B.T.TJ. 


Suppose we now convert the tall cylinder into a condenser by 
surrounding it with cold water. The weight P, still remaining 
on the piston, condensation will take place under the same con¬ 
ditions that evaporation took place—viz., under a pressure of p lbs. 
per square inch. Let the final temperature of the condensed 
steam be the same as the initial temperature of the water. Then, 
during condensation, the heat rejected to the condensing water is 
clearly equal to the total heat expended, or Q units. For the 
heat rejected is derived from the following sources: 

1. That heat which is derived from the work done By the 
descending piston. Neglecting the very small volume Y w of 
i lb. of water, we see that the work thus converted into heat is 

P.V« 

B.T.U., which passes thiough the steam into the con¬ 
densing water. 

2. The heat formerly spent on internal work during evaporation 
is now yielded up to the condensing water. 

3. The sensible heat given out during the cooling of the water 
to its initial temperature. 

Hence, in a cycle of operations of this kind, no available 
external work is done. The external work done during the 
ascent of the piston is undone, or has to be restored duiing its 
descent, thus leaving no work available for useful purposes. 

The results of this case may be stated thus: 


Oft' 


Heat Rejected to Condenser=Total Heat Expended* 

* R=Q. 


* 

'S SECOND CASE .—Suppose condensation to take place under 
gero pressure. 

This, corresponds to these cases previously considered, and also 
to the case of an engine whose condenser gives a perfect vacuum, 
or <no back pressure. L 

1 To understand this case, suppose at the instant the QQ&denser is 
' 'lied to the cylinder full of dry steam that the weif^^^’ 5 ^' 1 
he piston. Then, dearly, no external work 
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the descending piston during the condensation of the steam. 
Hence, in this ease— 


Meat rejected to Condenser = { ^-Ex^nSV^ 



Condensation of Steam at Condensation of Steam Under 
Zero Pressure. a Back Pressure of p b lbs. 

per square inch. 


^ THIRD CASE .—Suppose condensation to take place under a 
pressure of p b lbs. per square inch absolute. 

This corresponds to those cases occurring in practice, where p b 
is the back p-essure on the piston due to the pressure of the 
vapour in the condenser. 

At the instant when condensation is about to take place, 
imagine the weight P to be lifted off the piston and another but 
smaller weight (R,= 144 p b lbs.) to be put in its place. Then, 
during condensation, the piston descends under the load P 4 lbs., 
and the work done during the descent is converted into heat, 
which passes away to the condensing water. .The heat rejected to 
the condenser is therefore greater in this than in the former case 

by the amount P 6 V, ft.-lbs., or B.T.U. 

772 


py p t y 

*.e. E=Q - (P V * B.T.TT. 

• f • 772 

Or, since P«=* 144 p } and P a = 144 p b , 


\ 
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The foregoing results coiild have been obtained at once from 
the Principle of the Conservation of Energy, thus— 

m/H+ii - /Heat converted into useful work 

Total heat expended - j +heat re j e oted to condenser. 

But, Total heat expended = Q units. 

Beat converted into useful work = (p -p b ) V # units. 

Beat rejected to condenser =,R units. 

Q-^iP-Pb) V,+R (heat units). 

As already explained, the back pressure in condensing engines 
varies from 2 lbs. to 5 lbs. per square inch. In non-condensing 
engines the steam, after performing work in the cylinder, 
exhausts into the atmosphere, and the back pressure can there¬ 
fore never be less than the atmospheric pressure, in fact it varies 
from 15 to 18 lbs. per square inch. In this case the atmosphere 
is the condenser, but the whole of the heat rejected to it *s lost. 
The advantages of a good condenser are thus apparent. For, in 
addition to the reduction of the back pressure, part of the heat 
rejected to it is employed in raising the temperature of the feed 
water. 

f EXAMPLE II.—A non-expansive condensing steam engine is 
supplied with steam at a pressure of 45 lbs. per square inch by 
gauge. The vacuum gauge indicates a pressure of 2 lbs. per 
square inch in the condenser. Find (1) the amount of heat 
rejected to the condenser per lb. of steam used; (2) the steam 
efficiency; and (3) the weight of water used per hour per effective 
horse-power. Let the temperature of feed water = 100 8 F. 

ANSWER.—The absolute pressure of the above steam is 
45 + 15 = 60 lbs. per square inch. Referring to Table II., Lecture 
VII., we find the temperature of steam at 60 jbs. absolute to be 
292 51° F., say, 293“ F.; and the volume of 1 lb. of dry steam at 
the same pressure is V, = 7 cubic feet. 

•’* Total | — Increase of Sensible heat+Latent heat. 

Or, Q=(293-ioo)+966-6 - 7(293 - 2i2)B.T.U, 

„ =s 1103 B. T. U. (very nearly). 

Beat converted into Useful) _ 144 / \ y 

Work per lb. of steam J 772 ^ r 


n 


Now, 


(60 - 2) x 7=7575 B.T.U. 

q«M( j ,- p ,)t. + k. 

B= 1103 - 7575 = 1027*36 B.T.IT, 
Steam Efficiency =tO|= , 0687, or, 8*87%. 
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V 

Let x - weight of w^fcer used per how pet effective H.F. 
Thau, Useful work done per\ , , v 

x lbs. <f water usedf= ***&“&> v * * * ft *’ lb8 * 


But, 


• • 


99 


99 


144(60-2) x 7 x * = 58,464a; ft.-lbs. 

I Horse-power = 33,000 x 60 = 1,980,000 ffc.-lbs. per hour. 
58,464 a; = 1,980,000. 

* = if^£2-34'4n>». 

58,464 


Partial Evaporation.—Up till nohr, our calculations, &0 , have 
been \based on the assumption that the steam when formed 
contained no suspended moisture. In other words, the steam was 
assumed to be perfectly dry. The steam supplied to an engine 
from an ordinary boiler is seldom in this condition, for it is always 
more or less saturated with watery particles. Even if the steam 
be dry on leaving the boiler, it may enter the working cylinder in 
a very moist condition, due to loss of heat from various causes in 
its passage from the former to the latter. Again, large quantities 
of watSr sometimes pass along with the steam from the boiler to 
^the cylinder, and go through the engine without yielding full 
return for the heat spent in raising its temperature to that of the 
accompanying steam. Such large quantities of water are called 
priming , in distinction to the smaller quantities which are 
mingled with the steam in the form of a fine spray and which 
we have termed suspended moisture. Priming is generally the 
result of either too small a steam space in the boiler or too rapid 
ebullition, or impurities in the water, or a combination of these 
defects. It may cause a great deal of trouble to the engineer in 
charge, and when excessive, it may result in a fractured cylinder* 
cover or necessitate the stoppage of the engine. 

At present we are, however, not concerned with the effects of 
priming, and shall consequently confine our remarks to cases of 
partial evaporation in which the steam contains moisture held in 
suspension. 

Take the case of 1 lb. of water at 212* F. converted into wet 
steam at the same temperature. Suppose the steam contains 10 
per cent, of suspended moisture. Then only 90 per cent., or *9 lb. 
of the water will be in the form of dry steam. Hence, instead of 
spending the 966*6 B.T.U. of latent heat, we only require *9 x 
966*6 as 869*94 B.T.U. to bring about this result. The fraction, *9, 
is called the dryness fraction of the steam. If the 1 lb. of water 
had Had an initial temperature less than 212* F., say, iqo # F., 
then, the total heat exploded would have been (212 -100) + *9 x 
966*6-= 981*94 B.T.U. Generally— 
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Let Q=sTotal heat expended per lb. of t oet steam at temperature 
t* from water at temperature t a °. 

„ Las Latent heat per lb. of dry steam. 
f> x =Dryness fraotion, or dry steam in I lb. of wet steam. 
Then, Q =Increase of sensible heat + latent, heat . 

But, Increase of sensible heat=t l - 1 3 heat units, 

Therefore, Q= (t, - t*)+a> L heat units. 

( 

We have now to show how the external work done during the 
formation of wet steam is found. 


Let V# = Volume of r lb. of dry steam at pressurep lbs. per square inch. 
V w =t Volume of i lb. of wet steam at same pressure. 

V w = Volume of i lb. of water=*oi 6 cub. ft. 
x = Dryness fraction (as before). 

Then, V*,, = (vol* of dry steam + vol. of water) in i lb. of the mixture. 

„ =5 x V*+(V«j — *Vip), ^ 

Or, V w = ajV*+(l-®) Vio \ 

•• * ® (V#“ V,o)+v w J 

Supposing, then, the piston of the cylinder to be one square 
foot in area, we get— 


* • 


Displacement of piston 

External work per lb. 1 
of wet steam formed. J 

>• M 


=V B> -V„ft. 

= 144 p (V„-VJ 

=144 e * (V«,, - V„) work units. 


Unless for very high pressures, V, is very small compared with 
V*„ and may, therefore, be neglected in the above formulas. 

EXAMPLE III.—A boiler supplies steam at a pressure of 
90 lbs. absolute, which contains 10 per cenfeof suspended moisture. 
The temperature of the feed water is ioo* J?. Find (1) volume 
per lb. of wet steam 1 thus formed; (2) the external and internal 
„ W ork during evaporation; and (3) the total heat expended per lb. 
** of steam used. 


ANSWER.—Here, p - 90 lbs. abs., and temperature corre¬ 
sponding to this pressure is 

t » 320*F.; t, = ioo 0 F.; x 100 ~ 

, M IOO 

* Volume of j lb. of dry steam at pressure p is V, » 4*79 cub. ft. 

„ From above formulas, we get— 



STEAM 




13a 


*• V ;£ 9 0f 1 lb * 0f Wet Uv w =® (V.-Y.HV, 


r 


•M 


Or, 


='9 ( 479 -‘oi 6 )+*oi 6 = 4-312 oub. ft. 
x External work done! „ fv _ v . 
per lb. of wet steam ) ~ l44I> (V 7 y “ ) ’ 4 

as 144 X 90 (4*312 - •016) ft. lbs. 

= 56,728 ft. lbs. 

= ^772 " = ^ 2*2 B.T.TT, approximately. 

3. Internal work done] = ( Latent heat per Jb. of wet steam - 
during evaporation. J (externalwork. 

= ’9X {9666 - 7(320 - 2 i 2 )}- 72 * 2 B.T U. 
=801*9-72*2=729 # 7 B.T.TT* 

( Increase of sensible heal 
+latent heat. 

= (tj ~ tj) ® 

=(320-100)+801*9=1022 B.T.IT. 

approximately. 


99 


19 

»» 


4. Total beat expended 
er lb. of wet steam 


I 


formed. 


» 

n 


n 

R 


Generation of Steam in a Closed Vessel.—Having thus 
considered the whole process of the generation of steam under 
constant pressure, we shall now explain, briefly, the differences 
between those cases and the generation of steam in a closed vessel. 
This will be of interest to the student since it corresponds to the 
case of getting up steam in a boiler. 

Suppose that we have 1 lb. of water at a given temperature 
enclosed in a vessel of large capacity. Suppose, further, that the 
only pressure on the surface of the water is that due to the 
pressure of its own vapour. 

By applying heat to the bottom of the vessel, the temperature 
of the water rises as before, steam is generated and its pressure 
increases with its temperature. In previous cases, where the water 
was heated and evaporated under a loaded piston, no evaporation 
took place until the natural tension within the mass of water was 
sufficiently great to overcome the superincumbent pressure. In 
the present case, however, the surrounding pressure is always m 
equilibrium with the tension within the mass of water, and, con* 
sequently, evaporation goes on uninterrupted. 

Suppose the capacity of the vessel to be 26*36 cubic feet (the 
volume occupied by 1 lb. of dry steam at atmospheric pressure). 
Then, when the temperature of the mass has risen to ai2°F., the 
whole of the water wifi be converted into dry steam, and ^ts 
pressure will be 14*7 lbs. per square inch absolute. Further 
application of heat causes superheating of the steam. Similarly, * 
if the Vessel had a capacity of 7 cubic feet (the volume occupied * 
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by i lb. of dry steam at a pressure of 60 lbs. per square inch 
absolute), then complete evaporation would not occur until the 
temperature was 293° F., and the pressure of the 1 lb. of dry steam 
thus formed would be 60 lbs. per square inch absolute. 

In getting up steam in an ordinary boiler, the pressure on the 
surface of the water at the commencement is usually equal to that 
of the atmosphere. On applying heat the temperature will rise, 
evaporation, or generation 9f steam, will not commence at once, 
but will be delayed until the temperature has risen to 212“ F. after 
which the evaporation will proceed as described above. 

We have seen that during evaporation under constant pressure, 
a fraction of the total heat .expended is transformed into external 
work. But, by the nature of the present case, no such external 
work can be done, and this constitutes the essential difference 
between the two modes of forming steam. Now, it is quite 
impossible to conceive of any difference in the internal energy of 
1 lb. of dry steam formed according to either method, so Jong as 
the pressures are equal. Hence we conclude, that the total heat 
expended in evaporating water in a closed vessel is less, by the 
amount due to external work, than that spent in producing the sarnie 
final result by evaporating under a constant pressure. 

It is true that during evaporation of the water in the closed 
vessel, work is being continually spent in compressing the steam 
already formed; this work, however, is done within the mass itself, 
and is but part of the internal work. 

Equivalent Evaporation from and at 212 ° F. and Factors of 
Evaporation. —In comparing the evaporative results of different boilers, 
it is still a common practice to measure and to state their efficiencies by 
the weights of their feed waters converted into steam per pound of fuel 
burned per hour m their furnaces. This rough-and-ready method is open 
to several objections:— 

1. The fuel may not have the same calorific value in eaoh case. 

2. The stoking may be skilfully performed in one case and not in another. 

3. The temperatures of the feed water may be different. 

4. The pressures of the steam may be different in each case. 

5. One boiler may be producing ary saturated steam, whilst another may 

be giving off more or less wet steam and a third superheated steam. 

1 It is therefore necessary, in making such tests, to fix upon a fairer 
standard of comparison, and the one which has found most favour hitherto 
with engineers, is called the "equivalent evaporation from and at 212® t" 
per lb, of fuel consumed per hour And the factor of evaporation in this 
ease is, the ratio of the weight of water which could be evaporated as dry 
steam from and at 212” F. to the weight of water whioh was actually 
heated up from the feed temperature to and Evaporated at the pressure, 
temperature and dryness as steam in the boiler. 

In Table II. under the symbol, E, the values are given for '* Factor of 
' Equivalent Evaporation at 212® F.” for the various absolute pressures of 
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f *» 9 ' ^ <. 

^ , •» 

#>!)». #er square Inch, but these values tee only applicable to a bolter feed 
water temperewre of 212% and simply moan that— 

(Che Factor of Equiv^ 
atent Evaporation 
for Dry Saturated 
Steam m Table IL, y 


E 


Weight of water whioh could be evaporated from 

and at 212° F. under atmospheric pressure 
» 1 ^ rr^rvrrrrrrrrfrr rrrrmrrrr i" tt w 


Weight of water actually heated from 212 if.'to 
and evaporated at pressures p or temp. tf 

Let us first of all consider the case of dry saturated steam, or what is 
only too often assumed to be steam in that condition. 

Let E f = Evaporation faotor where feed water is at tf. 

H = Total heat, as in Table II., from water at 32 0 F. to temperature 
. of evaporation tf. 

W f » Weight of steam per hour per lb, of fuel, at pressure p and 
temperature of evaporation tf. 

W a **» Weight of steam per hour for same B.T.U. as with W« from 
and at 212 0 F. 

Then, by the above definition of this standard of comparison , 

W 

The Faotor of Evaporation, E/ = 

w • 

But* every 1 lb. of water evaporated from and at 212 0 F. has only to 
receive the latent heat of steam, or 960 B.T.U. 

And, every 1 lb. of water raised from the feed temperature tf to the 
temperature of evaporation tf corresponding to the pressure p receives 
H-(^- 32 c )B.T.uT 

Hence, W a x 966 = W # [H - {tf - 32 0 )]. 


Or, 


_ W«_H-(*/- 3 2°) 
E '~w;-966—* 


And, this is what is meant by the u Equivalent Evaporation from and at 
212 0 F.” as well as by the Factor of Evaporation. 

EXAMPLE IV.—A boiler working at 100 lbs. absolute produces 10 lbs. 
of dry saturated steam per lb. of coal burned in its furnace, and when the 
temperature of the feed water is ioo° F.; find the “ equivalent evaporation 
from and at 212 0 F.” and the “ faotor of evaporation.” Referring to Table 
II. we see, that torp = 100 lbs., H = 1,181*9, and we are given tf «* ioo* 
F., and W, = 10 lbs. 

■ 3aB) , and, W, = E, x W„ 


Hence, E/ 
Or, 


F _ 1,181*9-(100 »32) . 

966 


••• E/ = 1 * 108 ; and, W a = 1*153 x 10 = 11*63 lbs, 

EXAMPLE V.—Suppose, that another boiler also working at 100 lbs. 
absolute produces 10 lbs. of wet steam, having 10 per cent of moisture for 
ever? 1 lb. of coal burned, when the temperature of feed water is also ioo* 
F.> find its faotor of evaporation and equivalent evaporation from at 

212° Fa 

Here, everything is the same as in the previous example except, that we 
have a dryness fraction, x = *9, since 10 per cent, or ^ of the steam is 
wets W wesawbefore, whfinconsidering partial evaporation in this lecture^ 
rr wit fs not the total heat of evaporation from 32 0 , as found in T&ble 
Ik nfthg ** f. ^ ***** or the sensible heat plus latent heat peft 
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and, W a = B/ x W*. 


Where, 8 « Sensible heat required to raise I lb. of water from 32* to C 
or 8 *» 297*9 B.T.U., from Table II. 

And, L = Latent heat of dry steam at pressure p and temperaturi 

t $ 9 = 884, also from Table II. 

966 

297-9-(100-32)+-9x884 . 

* 966 

E/ = 1 * 08 $ a and, W« = 1 *03 x 10 = 10*8 lbs 

Note. —If an engineer under these circumstances had assumed, that thii 
boiler was generating dry saturated steam (instead of testing the sam< 
carefully for wetness by an instrument such as we are about to describe, 
and finding 10 per cent, moisture) he would have over-rated the boiler ai 
capable of producing 11 *53 lbs. of dry steam from and at 212° E. instead o: 
only io* 3 lb a. This over-estimate would have been nearly 12 per oent^toc 
much. We shall deal with superheated steam in Lecture XV. 


Hence, E/ 


Or, 




v/Steam Calorimeter* or Dryness Fraotion Indicator.— 
Of late, many efforts have been made to devise, construct, anc 
use an instrument which would enable the engineer tb tel 
accurately and quickly the wetness of the steam he was usin£ 
under different circumstances and from different kinds of boilers 
Although many forms of such an instrument have been placet 
at the disposal of the engineer, yet there seems to be a belie 
that they do not indicate correctly under widely different con 
ditions. However, we herewith illustrate, describe, and give ar 
example obtained by means of the steam calorimeter originally 
designed by Mr. George 5 . Barrus, of Boston, U.S. A., and mad< 
in this country by M'Innes-Dobbie, of Glasgow. This instru 
ment, if thoroughly lagged throughout, and skilfully used 
does give useful results. Its construction and action wil 
form a fitting termination to this Lecture, and the studen’ 
should therefore study the same with due interest. 

The following apparatus consists of two distinct parts, vizL 

fl) The wet steam separator chamber, S 0 . 

( 2 ) The wire-drawing or throttling chamber, T 0 . 


To enable the student to clearly understand the separat* 
; actions which take place in the two chambers, S 0 and T 0 , le 
\ us assume in the first instance that the throttling chamber ii 
removed, and that the copper coil or cold water condensing pip< 
is transferred from the outlet pipe, 0 P, to the discharge branch 
D B. Then, the percentage weight of moisture which thi 


* As will be seen from the definition of calorimetry, and itB derivation 
given in Lecture IV., the term steam calorimeter is a misnomer; for, wi 
do not measure the quantity of heat per lb. of steam, but simply attempt U 
c ascertain the dryness fraction, or the wetness or percentage of moisture ii 
a steam supply from a boiler to a plant by means of this instrument. J 
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j-steau calorimeter, 
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Separating chamber would trap and detect will be found as 
follows i— .< 

To find the dryness fraction of steam by means of the separating 
chamber alone .—Steam must be allowed to pass for a short time 
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DB 


Index to Parts. 
SP for* Steam pipe t 


IP » 

sc*,; 

WG „ 
WT „ 
DB „ 

Vd;; 

wp 
AP „ 
OP „ 


Steam pipe to en¬ 
gine. 

Inlet pipe to S C. # 

Stop sluice valve. 

Separating cham¬ 
ber. 

Water glass gauge. 

Water tap from S C. 

Discharge branch 
from S 0. 

Thermometer tubes. 

Throttling or wire¬ 
drawing chamber. 

Wire-drawing plate. 

Asbestos packing. 

Outlet pipe to cop¬ 
per coil. 


APJ 


WP 


WG 


WT 


OR. 


The Baeeus Steam Calorimeter. 
Made by M'Innes-Dobbie, of (Glasgow 


t 

* Some engineers object to the calorimeter steam inlet pipe, IP, having 
Its mid dosed, with only thin slits on its top side, as this wire draws 
the steam at that point. It might, thereby, convey to the calorimeter 
drier steam than was passing along the steam pipe, S P, to the engines. 
This error may be obviited bv so perforating IP that the steam freely 
enters it throngh holes drilled on all sides; the combined area of these 
holes being greater than th^oross-sectional area of the IP pipe. The main 
object of the particular form of inlet to IP, as well as the distance to 
it is inserted into 8 P, is to obtain a fair average sample of the 
1 which does pass, under recognised conditions, from the boner to the 
e or other appliance where it is used. 
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through the separating chamber, S 0 , by opening S V and W T 
in order to warm itj otherwise a quantity of water would 
accumulate, due to initial condensation. Then close W T, and 
the steam, after passing through the separating chamber, will 
be 'condensed^ by means of the copper coil which is attached 
to DB, and immersed in cold water. This coil should hare 
sufficient cooling surface to condense all the steam. The con¬ 
densed steam thus formed «is collected in a vessel as it drops 
from the outer end of the copper coil, and carefully weighed. 

When the copper coil is used for condensing the steam, the 
“ dryness fraction ” is calculated thus :■— 


Let W t = Weight of dry steam condensed by the copper coil. 
W 2 => Weight of water found in the separating chamber, 
or weight of trapped moisture obtained from WT. 
x = “ Dryness fraction ” of steam. 

Then, . 


W 

Total weight of steam used = W x + W 2 . Hence, x = =- 1 ==-. 

W j + Wj 

EXAMPLE VI.—If Wj = 2 i lbs., and W 2 = ^ lbT, 

2*1 

The dryness fraction, x = - K==- - - *8q. 

W x + W 2 2-i + *37 0 

Or, „ „ x = 85 per cent, of apparently dry steam. 


The amount of moisture found in the steam is therefore about 
15 per cent, by this first chamber alone. 

Second.—To find the dryness fraction of steam, by means of the 
wire-dratoing chamber alone. —When the amount of moisture 
preseat in the steam m not above 3 to 4 per cent., a throttling 
calorimeter may be used. In this form of calorimeter the steam 
passes from the main steam pipe, S P, at boiler pressure into 
the throttling chamber, TO, wherein it falls nearly to atmo¬ 
spheric pressure, and passes away by the exhaust outlet pipe, 

O P, at the bottom of the chamber. The temperature, t v of the 
steam as it comes from S P, is obtained by a thermometer placed 
[in. the tube, T v This temperature, t v enables us to ascertain 
from the tables in Lecture VII. and text of Lecture IX. the 
sensibl® heat, S„ of the steam at that temperature, fc, The 
temperature, t 2 , of the steam in this chamber, T 0 , is taken by 
means of a thermometer placed in tube T s , and this temperature 
is then compared with the normal temperature, t 6 , of the Bteam 
dfle to its pressure, as found by an attached steam gauge at this, 
place, and from the tables in Lecture VII. s . ».yiST 

£he notion of this wire-drawing part depends upon 



. 

that the total-heat of steam at ’-the higher pressure is greater 
than the total heat 1 at the lower pressure. Hence, a> quantity of 
heat is set free from the steam as it drops in pressure. It is this 
heat which goes, first, to evaporate and convert the suspended 
globules of water into steam; and, second, to superheat the 
steam at the lower pressure, if the excess of heat be sufficient to 
do so. 

Let = Total heat per pouncf of steam passing T t at the 
' , temperature 

„ Ht 2 = Total heat per pound of steam passing T 2 due to 

its reduced pressure at temperature t v 
, Sj = Sensible heat per pound of steam at temperature 

t x from 32 0 F. 

,, So — Sensible heat per pound of steam at temperature 

t 2 from 32‘ F. 

y L x = Latent heat per pound of steam at temperature 
»> L 2 = ,, ,, „ tg. 

„ x = Dry steam per pound of steam generated, or 

the “dryness fraction.” 

„ Htr = Specific heat of steam which is taken as *48 and 

constant. 

„ t x = Temperature of steam in main steam pipe, as 

measured at tube T,. 

„ tg = Temperature of steam Wow W P through which 

it has been wire-drawn to a lower pressure, 
and measured at tube T 2 . 

„ t s = JTormal temperature of steam in T 0 duo to its 

pressure by gauge. 

But, H t , = S t + * Lj, and H Tt » S 2 + L 2 , when the moisture 
• ' » is just evaporated (from Lectures IX. and XI.). 

If there be sufficient excess of heat to superheat the steam at 
Tj, then the heat required to do so = H* (t 2 - t & ). 

Therefore, H T , = H Tj + H<, (t 2 - t 3 ). * 

Or, S 2 + x Lj = S 2 + L 2 + -48 {t 2 - t 3 ). 

Hence, x - -* - s i + L 2 + ’48 (t 2 - <„) 

L i 

EXAMPLE VII.— Let = 338° P., t 2 = 250® F., and 

<8 “ ^b’3® F. This huft value is the temperature of saturated 
* ptehfti ffi om table, Leoture VIL, corresponding to an absolute 
jVwSfre of” id lbs. per square inch, or exhausting at, say, r lb. * 
V*Jw’«@Latmosoheric measure. 
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Then, from the tables, Lecture VII., and reckoning from 32* F. 
as the zero of temperature, we get;— 


H Tj = 

1,147‘9 B.T.TJ., = 876 

3 B.T.U., Sj = 308-7 B.T.U. 

Then, 

X 

S 2 + L 2 + ’48 (f 2 

** 

- 4 ) - 

• 

Or 

X 

1,147-9 + 48 (250 

• - 2 i 6 ‘ 3 ) - 3 o8 7 


•876-3 


X 

839-2 + 16-176 
876-3 

‘l™ 6 - *976. 

876-3 

Hence, 

X 

= 97-6 per cent. 

Or, the weight of moisture 


computed from the formula is about 2^ per cent. 


When the steam is first passed through the separating 
chamber, S 0 , and then through the throttling or wire-drawing 
chamber, T 0 , on its way to the copper pipe condensing coil, 
as in the form of instrument just described and illustrated,' 
then the total percentage of moisture in the steam as it 
comes from the steam pipe, S P, is obtained by one test, and the 
separate results from the separator chamber, S 0, and throttling 
chamber, T 0 , have to be added, to give the total moisture found 
in the steam. 

In the above example we found that the water collected from 
the separating chamber, S 0 , was . . . =» 15 per cent. 

And, the water collected from the wire-draw-. 
ing or throttling chamber, TO, was . = 

Hence, the total quantity of moisture present - 

in the steam as it came from S P was . = 17J 

**■ ' 


n 

* 



Lecture XL —Qtrssnojra. 

f • 

1. How many foot lbs. of work and units of heat are absorbed In con¬ 
verting 5 lbs. of water at 32° F. into dry steam at atmospheric pressure! 
Illustrate your answer by diagrams similar to that given in the Lecture, 
showing the internal and external work done on the water by the heat. 
Ans. 

2. Define the terms “Internal Work ' p and “External Work, 0 with 
reference to the generation of steam. How is the efficiency of a steam 
engine expressed? Illustrate your answers by taking an example and 
working out the various quantities arithmetically. 

3. A boiler generates ary steam at an absolute pressure of 9$ lbs. per 
square inch from feed water at 6o° F. What percentage of heat will be 
saved by a feed-heater which raises the temperature of the feed water to 
212 0 F. ? Ans. 13*18 per cent. 

4. A non-expansive engine uses steam at an absolute pressure of 60 lbs. 
per square inch, and makes 60 double strokes per minute. The area of the 
piston is 1 square foot, and the length of the stroke is 12 inohes. Find 

(1) Weight of steam used per minute; and (2) Total heat expended per 
minute, the temperature of the feed water being as 6o° F. Ans, (1) 17*14 
lbs.; (2) 19,600 B. T. U. 

5. A lb. of water at 6o° F. is converted, at constant pressure, into dry 
steam at 75 lbs. per square inch absolute. Find (1) Total heat expended; 

(2) External work done during evaporation; (3) Internal work done during 
evaporation; (4) Work done in raising temperature of water. Construct a 
diagram showing graphically these various quantities of work. Ans, 

(1) 1148*35 B.T.U.; (2) 7972 B.T.U.; (3) 821*13 B.T.U.; (4) 247-5 B.T.U. 

6. Suppose, in Question 5, that the 1 lb. of water had been converted 
into wet steam containing 10 per cent, of suspended moisture. Find (1) 
Internal work ; (2) External work done during evaporation. Ans . (1) 738*27 
B.T.U.; (2) 7173 B.T.U. 

7. A boiler supplies steam with 10 per oent. of suspended moisture, the 
evaporation taking place at 320° F. from feed water at ioo° F, Find total 
heat expended per 1 lb. of steam formed, and the weight of water which 
could be evaporated from and at 212° F. for the same expenditure of heat. 
Ans . f022 B.T.U.; *056 lbs. 

8. An engine works non-expansively with condensation. The initial 
pressure of the steam is 25 lbs. by gauge, and the back pressure is 3 lbs. 
absolute. Temperature of feedwater 104° F. Find (1) Effective work per 
lb. of steam used 3 (2) Weight of steam used per hour per H.P, ; (3) Total - 
heat expended per hour per H.P.; (4) Steam efficiency; and (5) Heat 
rejected to condenser per lb. of steam used. Ans, (1) 69*6 B.T.U. 

(2) 37 lbs. nearly; (3) 40,381*8 B.T.U,; (4) 6*5 per cent 

0. What do you understand by ‘ 4 saturated steam” and “speoifio 
volume ” of steam ? A locomotive has two cylinders each of 18 inches 
diameter, the crank-arm measures 13 inches, and the engine makes 200 
revolutions per minute. If the initial gauae pressure of the steam is 160 
lbs. per square inoh and it is out off at | of the stroke, how many gallons 
would be required per hour for the supply of the boiler ? Neglect 
condensation and leakage* 1 lb. of steam at 175 lbs. pqr 
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60 “?., and if all the heat could be utilised? Why is it tonowiWe to 
utilise all the beat even in the most perfect boiler ? (S. & A,, 1698 , AwnJ 
11 , What is the volume of 1 lb. of steam at 165 " 0 ., the latent heat being 
490 in pound oentigrade units ? To find dpjcU approximately, use squared 


paper and the following information :— 


& 0#, # • • • • 


160 


165 


170 



Pressure in lbs. per square foot, 12,940 


Prove your formula (B. of E., 1900 , H., Part i.) 

12 . Describe a wire drawing calorimeter for determining the wetness of 
the steam flowing along a steam pipe. What do you consider the chief 
difficulties in obtaining accurate results with such an appliance. In a test 
made with such an instrument the temperature of the wet steam was found 
to be 327 * 5 ° F., and after passing the wire-drawing orifice the temperature 
of the dried steam was 247 * 5 ° F. What was the wetness fraotion for this 
steam ? (C. & G., 1900 , H., Sec. B.) 

13 . An c 'pne uses 12*3 lbs. of steam per hour per H.P. developed. This 
steam is supplied to it superheated 160 ° F., and at a piessure of 150 lbs. 
absolute, the saturation temperature for such pressure being 35 b° F., the 
boiler feed temperature is 125 ° F.: calculate—(a) How many thermal units 
per hour per H.P. have to be supplied to the steam by the boiler and 
superheater (the total heat in a pound of saturated steam from a feed 
temperature of 32 ^ F. is = 1,082 + 0*36 thermal units, t° being-the tem¬ 
perature of the steam, and the specific heat of steam at constant pressure 
maybe taken as 0 * 48 ); (b) How many thermal units are converted per 
hour per H.P. into work ; (c) The thermal officienoy of the engine. ( 0 . & 
G., 1900 , Sec. C.) 

14 . A steam electric generator on three long trials, each with a different 
point of cut-off on steady load, is found to use the following amounts of 
steam per hour for the following amounts of power 


I 


Lbs. of steam per hour, . 

4,020 

Indicated horse power, . 

210 

Kilowatts produced, • . 

114 


6,650 


I 


480 



706 



Find the indicated horse-power and the weight of steam used per houfc 
when g $0 kilowatts are being produced. Find in the four oases %ffc 
amounfs of steam used per Board of Trade unit (that is, per kilowatt hour). 


(B. o£E., 1901 , Adv.) 

v^lfc*An engine uses 4,000 lbs. of wet steam per hour at 170 ° 0 ., there 
being 90 per cent steam and 10 per cent, water. If the feed Water was at 
^ 20 *, how much heat is suppliedT If the indicated horse-power is 140 , s how 

' ■M.Mij.L lan.i Am ammh mrm J.a.Va/] MAH Vinim 9 T^Ma {mamma _ _ LaaL Ai_ Tl x 


* AUf./f 

during seven days’ working 


* » 
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108 tans of dq*1, ousting 21s., 3d< a. ton, have been burnt, and that 
180,400 gallons of feed water have been used, the price of the water 
being 4d. a tfeeusan<r gallons. The energy developed and sold during 
this period is equivalent to 84,320 H.P.-hours. "Find (a) the coal used 
per 3±.P.-hour; (b) the feed water evaporated per pound of coal; (cVthe 
steam used per fLP.-hour; (d) the cost in fuel and water per £LP.-hour. 
(0, & Gk, 1901, O., See. 0.) 

17 . Using the formulas on the examination tables given you j find the 
heat given to 1 lb. of feed water at 40 ° O. to convert it into wet steam (15 
per cent, water) at 170 ° 0 . If 25 lbs. of this wet steam reaches the cylin¬ 
der per horse-power hour, what percentage of the heat leaves with the 
exhaust or is radiated from the cylinder? (B. of E., 1902 , Adv.) 

18 . A given kind of coal, when burnt in one furnace, is found to evaporate 
9 lbs. of water per lb. of coal from 60 ° F. at 324 ° F., and when burnt in a 
second furnace evaporates 8*5 lbs. of water from 104 ° F. at 350 ° F. The 
steam from the first boiler contains 10 per cent, of moisture and from the 
second 5 per cent. Compare the evaporative efficiencies of the two boilers. 
(Note, H = 1082 + *305 t.) (C. & G , 1902 , O., Sec. C.) 

19 . In the high-pressure cylinder of a compound engine it was found that 
the pressures (in lbs. per square inch absolute) at the points of out-off, 
release^nd compression were 64 , 15 * 2 , and 14*8 respectively, whilst the 
volumes as given by the card (including the clearance volume) weie 2 * 92 , 
13 * 24 , and 1*52 cubic feet respectively. The hot well discharge per minute 
was 29 lbs., and the number of working strokes 48 . Assuming the steam 
shut in at the point of compression to be dry, find the dryness fractions of 
the steam at the points of cut-off and zeloase, having given that the 
volumes of 1 *lb. of dry steam at the pressures of cut off, release, and com¬ 
pression are 6*6, 25 * 5 , and 26*3 cubio feet respectively. (C. & G., 1902 , 
B.. Seo. B.) 

20 . In order to test the dryness fraction of the steam supplied by a boiler, 
steam is led from the boiler into a tank containing a known weight of 
water, and the temperature before and after the steam is admitted, and 
also the quantity of steam admitted, are accurately determined In one 
trial the boiler pressure was 174 lbs. absolute (corresponding temperature 
370 * F.) and the initial and final temperatures of the water were 74 ° F. and 
102 *2° F. respectively. The weight of water originally in the tank was 
4,085 lbs., and the weight of the steam blown in was 1094 lbs. The weight 
of the tank itself was 876 lbs., and the specific heat of the material of 
which it was composed was -J. Assuming that the water and the tank are 
at a uniform temperature, find the dryness fraction of the steam 
(H =■ 1,082 + * 305 1 ), (C. & G., 1902 , H. f Seo. B.) 

21 . In connection with the steam or gas or oil or spirit engine work with 
which you are acquainted, there is testing of somtf sort to be done requiring 
careful measurement of work or heat. For example, finding the calorifio 
value of coal, gas, or oil; finding the latent heat of steam, or how its 
pressure depends upon temperature; finding the wetness of steam during 
an engine test; comparing the power of on engine and the quantity of heat 
or of steam or gas or oil used per hour. Desoribe, with sketohes, some one 
such test. (B. of E., 1903 , Adv. and H., Part i.) 

22 . When comparing different boilers, what do we take as the standard 
of evaporation? Feed water, 25 ° C.; steam, 15 per cent, wet—that is, 
therj^xe Q *15 lb. of water to* 0*85 lb. of steam leaving a boiler at 180 ° C. If 

w>o£|thi8 wet steam leaves a boiler for every to. of coal burnt in the 
what is the evaporative value of the coal, reduced to standard , 
evaporation? (B f of 1903, Adv.) 
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23 . What is the cause of priming in boilers ? Even If the boiter doefc not 

# -*- J • • ” A be done to 

iy may there 

Why is this harmful? What may be done 
to prevent it ? (B. of E., 1803 , Adv.) 

24 Feed water, 25 ° C.; steam, lO per cent, wet—that is, there is 0'1 lb. 
of water to 0*9 lb. of steam at 170 ° 0 . If 25 lbs. of this wet steam enter 
the cylinder per hour per indicated horse-power, how much of the heat 
passes to the exhaust ? If the stuff leaves the ovlinder as saturated steam 
and water at 105 ° 0 ., what is itswetness ? Neglect radiation or other loss 
of heat by the cylinder. (B. of E., 1903 , H., Part i.) 

25 . Given the following numbers for steam, use squared "paper to find 
" “ " ' ‘ '•C.is 500*8 i 


dpldt 

Centi 


at 150 ° C. The latent heat of steam at 150 ° 


mtigrade units, find the volume of 1 lb. of steam at 150 ° 0 . 


in pound 


0 * ]....... 

145 

150 

155 

Pressure in lbs. per square foot, 

m 

9,966 

11,380 


Prove your formula. (B. of E,, 1903 , H., Part i.) 

26 . Describe, with sketches, any form of calorimeter with which you are 
acquainted for determining the dryness fraction of boiler steam. In a 
combined separating and wire-drawing calorimeter the following observa¬ 
tions were made ‘.--Quantity of steam obtained from separator, 2 lbs.; 
quantity of steam condensed after wire-drawing, 38 lbs.; steam pressure 
before wire-drawing, 102 lbs. abs.; corresponding temperature (from 
tables), 329 ° F .; steam pressure after wire-drawing, 15 lbs. abs.; corre¬ 
sponding temperature (from tables), 213 ° F.; actual temperature after 
wire-drawing, 240 ° F. Assuming the speoific heat of superheated steam to 
be constant and equal to * 48 , estimate the dryness fraction of the original 
steam. ( 0 . & G., 1903 , H., Sec. B.) 
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Contents. —Pressure and Volume of a Gas—Boyle’s Law—Pressure, 
Volume, and Density—Watt’s Diagram of Work, with Examples— 
Questions. 

Pressure and Volume.—We saw in Lecture VII., by the 
experiment with Marcet’s boiler and from Begnault’s tables, 
that the pressure of steam increased with 
the temperature; we now come to consider 
the relation which exists between pressure 
and volume. 

To understand this we here state the 
first law in regard to the expansion of 
gases, vis., Boyle’s, and then give a class 
experiment to prove it. 

Boyle’s Law.—The pressure of a por¬ 
tion of a (perfect) gas at a constant tem¬ 
perature varies inversely as the space it 
occupies. 

Or, let p = pi essure in lbs. per sq. in. 

v = volume in cub. ft. per lb. weight. 

Then p v = constant. 

To illustrate this law the following 
simple piece of apparatus may be used:— 

It consists of a small metal box, B, to 
which are attached two glass tubes, G T, 
one a little more than 35" long, and the 
other fully 10". A stop-cock, S 0, is 
screwed into the metal box, and the short 
tube is provided with a screw plug, S P. 

The whole is fixed to a board, on which 
there is a graduated scale of inches. 

Mercury is poured into the long tube 
and the screw plug, SP, is taken out 
until the mercury rises'in both tubes to 
the zero line. The screw plug is then 
replaced and encloses a column of air 
10", high hi the Bhort tube. Supposing 
the barometer to stand at 30", we ndw 



G T for Glass tubes. 

f ” S*(airtight), 
SO „ Stop-oook, 

SP „ Screwjh>g. 


'Continue pouring mercury into the long „ . 

tpbe uptfr the lwel of the mercury in it ta 30" above % 




>, " w*- ■ *.w 

>When this point* fi&C 
xeaohed, the jbefoury in the short tube will he found to stand 
at $*. The air in the short tube has thpB been subjected to 
an additional pressure of 30" of mercury,to an additional 
pressure of one atmosphere; therefore, its pressure has been 
doubled. Before applying this pressure it occupied 10" of the 
tube; hence we see that its volume has been reduced by 
one-half by doubling the pressure on, it, in accordance with the 
law just stated. It is important that the student should not 
overlook, the fact, that this law is true, only when the tem¬ 
perature remains constant. 

Since the pressure of an enclosed perfect gas kept at a constant 
temperature varies inversely as its volume, and since the density 
or weight per unit volume of the Bame, varies inversely as its 
volume, it follows that the pressure varies directly as the density. 

This law is not perfectly fulfilled by any actual gas, but very 
nearly so by those gases which cannot be condensed into liquids, 
such aiTtCir. When a gas is about to pass by condensation into a 
liquid (e.g., steam on the point of being transformed into 
water), then the density increases more rapidly than the 
pressure. 

Watt, however, assumed that Boyle’s law held good in the case 
of steam, and he applied it in a moBt ingenious manner to prove 
the economy of the expansive working of steam in a cylinder, 
and to show that he could get a greater amount of work from 
the steam by cutting it off early in the stroke, and thus allowing 
it to force the piston forward during the remainder of the stroke, 
merely by expansion. 

v/Watt’s Diagram of Work.—Although, as we shall see later on, 
steam does not expand in strict accordance with Boyle’s law 
(for £he temperature of the steam falls the more it is expanded, 
unless external ffeat is applied to it, to make up for the loss due 
to the work got out of it), yet we shall gain a great insight into 
the action of steam in an engine cylinder, by first discussing 
"Watt’s Diagram of Work done during Expansion,” and then 
applying the corrections that have since been found necessary, in 
order to truthfully represent the actual state of matters. 

The following figure will illustrate to the Btudent the method 
adopted by Watt. The horizontal line, or abscissa, A B, indicates 
the length of the stroke, and is divided into 10 equal parts; the 
vertical tine, or ordinate, A 0, represents the pressure of steam 
Watt, say one ^tmosphere, and is also diyided into 10, 
pkrfcs of an atmosphere of pressure. When the piston 
ed the distance, O D, A or | of the stroke, .the , 
cut off) and the remainder of the stroke is effected bv 
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Watt’s Diagram of Work. 


the expansive action of the steam. The gradually falling curve, 
D E, marked “burve of pressures,” is found by drawing verticals 
from each of the divisions of the stroke, 3, 4, ... . 10, and 
marking them off in height corresponding to the pressures, p, 
at these points by the following formula, and joining their upper 
ends by a curved line:— 

constant 

pv — a constant, or p = --—. 


Where v = the volume swept out by the piston at the several 

r ints, and is, therefore, represented by the different distances, 
. 3, .... 10, irom the commencement of the stroke. 

For example— 


At point of out off 
P * 1 
v = 2 

.*.Constant= pv 

il ~ 1 * ® 

is * 2 


End of stroke, 


At point 1, p 

e 

• • 


. 

Atmosphere . 
. 1 


e 

e ■ 


• 

• 

1 

>» p 

= 

constant 

V 

as 

1 

22 

0-66 

ft V 

= 

tt 

22 

* 

22 

0-5 

tt 

22 

ft 

22 

i 

22 

0-4 

tt p 

2 

91 

a* 

1 

22 

0-33 

tt 7 ,p 

S 

99 

22 

f 

= 

0-29 

tt 8, p 

— 

99 

=5 

I 

ss 

0'25 

M P 

rs 

99 

22 

t 

SS 

0’22 

» 10, p 

3= 

99 

ass 

A 

22 

0-8 


Dividing by the Number ®f Farts, viz.* 
We get roughly a Mean Pressure 




•> *ThU mean pressure is Jess thap the true >ue*u aa explained at next page and in 
$ » «tuxe XVII, 








watt’s diagram or wore. 
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$7 adding the several pressures, and dividing them by the 
number of dmsiohs taken—viz., 10—we get the average pressure 
throughout the stroke, = *485 of an atmosphere, or nearly half an 
atmosphere. The economy of cutting off the steam before the 
end of the stroke will, therefore, be at once apparent, for we 
have obtained an average pressure equal to nearly half that 
whioh would have been obtained by carrying full steam pres¬ 
sure throughout the whole stroke, and have only used ^ of the 
quantity of steam. 

Since work done is measured by force or pressure, multiplied 
by the distance through which the force or pressure acts, the 
arta ot the rectangle, AI) (see upper part of previous Kg.), being 
equal to the pressure, A 0, if reckoned in lbs., multiplied by the 
distance, A 2, or, 0 D in feet, measures to scale the work done 
upon the piston by the steam up to the point of cut-off in foot¬ 
pounds or units of work. In the same way, the area of the rest 
of the^jjgure—viz., D E B 2, measures to scale the work done 
upon the piston by the steam while expanding in the cylinder, 
also in foot-pounds; for this area is equal to the mean pressure 
in lbs. between the points, D and E, multiplied by the distance, 

2 B, in feet. Consequently, the area of the whole figure, 
A 0 D E B, measures to scale the whole work done by the steam 
in one stroke in foot-pounds. This area is equal to the calcu¬ 
lated mean pressure throughout the stroke, multiplied by the 
whole stroke, A B, and expresses the result of Watt’s diagram 
of work. Watt, in calculating the mean pressure throughout 
the stroke, assumed that the pressure at each of the points into 
which he divided the stroke commencing with number 1, 
remained constant until it arrived at the next in order, by 
which method he obtained a less value than the true mean, 
because he omitted to take into account the ordinate of pressure 
at the point, A, or the very commencement of the stroke. If 
we now take into account the first ordinate at A, as well as the 
last one at 10, we have the following eleven pressures:—1,1,1, 

•6, *5, # 4, *3, '29, *25, *2, and *2, giving a total sum of 5-&6, whioh 
sum being divided by the number of ordinates, viz., 11, gives us 
a mean of *532 of an atmosphere instead of ‘485, or nearly 8 lbs. 
pressure on the square inch, which is a nearer approximation to 
the true mean. 

Let us take another example of Watt’s diagram of work, taking 
the first as well as the last pressure ordinate into account, in 
order to get a nearer approximation to the true mean. Suppose 
w«fhave an engine using steam of 100 lbs. pressure per square 
and cutting off at i of the stroke, to find the curve of '» 
expansion by Boyle's Law and the mean pressure. 
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As before— 


Constant = p v 
„ = 100 x l 

„ =25 


At 0, p . 
At point 1, p 

» 2, p 

i) 3, p — 

» *,P = 

» 5. P = 

>t 8» P — 

» 7,p = 

» 8, p = 

» 9, P = 

>. 10, p = 


constant 


. . 100 
. 100 
. 100 

= 1 = »S 

= I = 6, 5 


lbs. 


= ^ = 41’6 „ 

25 

= f = 35-7 „ 

25 

= | - 3125 „ 

= i = 27'? „ 


Dividing by the Number of Points, viz,, 
We get an approximate Mean Pressure 


WFF~ 


There Sre several rales for obtaining approximately the mean 
pressure from a diagram of work such as we have been discussing. 
The plan most commonly adopted by engineers (as we shall see 
at iiecture. XVL) in finding the mean pressure from actual 
indicator diagrams is, to measure by a suitable stale or rule the 
length of each of the ten ordinates, taken at the centre of each * 
,of the ten spaces into which the diagram is divided, add them 
together, and divide by their number. *For instance, applying 
th|s rule to the last example, we should measure the length of 
Wfive*tiw4 lines midway between the points 0 and-1,1 and 8, 2 
ftiul 3, ..... 9 and 10, add these ten pressure ordin»j&$ 





-v js* w 

together, ifed gUofdVw 8 dm by IQ,’ to gfat the mean pressure j . 
Mia doing ap^oi$»loulgting theses pressures by pv<= constant), 
find them to bo respectively, 100 , 100 , 100 , 71*43, 33*$, 

45 4b, 38*46, 33*&, 29*41, and 26*31 lbs., giving a mean of 59*9 
lbs., or slightly greater than that found above. 



of division to touoh tne boundary lines* Add together tne am ana me mi 
ordinates, call the sum A; add together the even ordinates 2, 4, 6 , &o. f 
call the sum B; add together the odd ordinates 3, 5, 7» &o* f except the 

A 4- 4 B 4* 2 0 

first and the last, and call the sum Oj then- ^ -a mean ordinate 

or pressure. This quantity multiplied by the length, L, of the figuie gives 
the area of the figure, or what we would call the area of work In this oase. 

Methods of Constructing the Curve of Pressures and 
Volumes by Boyle’s Law.—We shall now show how to con* 
strud^iO curve for the relation between pressure and volume of 
a perfect gas expanding according to Boyle’s law. This curve 
may be constructed in two different ways :— 

i. By making use of the formula expressing Boyle’s law—viz., 
pv = a constant, and thus calculating the pressure at various 
points during the expansion. 

a. Or, we may adopt a purely graphical method for deter¬ 
mining a series of points on the curve. The curve of expansion 
can then be drawn freehand or by aid of French curves, or by 
bending a thin flexible strip of wood until its lower edge passes 
through the several points. These two methods will be clearly 
understood from the solution of the following example. 

EXAMPLE I.—Steam is admitted into the cylinder of an 
engine at a pressure of 30 lbs. by gauge, and is cut off at 4 of the 
stroM. Draw^o scale the diagram of work done during admission 
and expansion, assuming that the steam expands according to 
Boyle’s law. From the diagram thuB constructed, find the 
pressures at |, f, and $ of the stroke respectively. 

ANSWER.—First Method, by Calculation. 

Draw two axes 0 P, 0 V, at right angles to eadh other. 
Along 0 P, measure off a distance 0 A, to represent the initial 
absolute pressure of the steam.* 

* The initial pressure as given by the question is 30 lbs. by gauge. The 
pressure as indicated by a steam gauge on a boiler or cylinder of an engine, 
bus fat its Starting (or sero) point, the pressure of the atmosphere—vis., 
abbot it lbs. per square inch. We cannot, therefore, base our calculations 
.respecting a lair of nature on Buoh an arbitrary and variable starting-point 
aethi*. Consequently, we must refer all our pressures to the abeoh^e i urt 
|% f* perfeot vacuum fine before applying Boyle’s lav. The a&olute'i 
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oxyiU4U9 w vue scroKe.^ ' ' ' ,tfi > A/vV -V* 

■ '» i into any number of parts, equal or uneqti&l< in 
lengthy and at each point of division raise a perpendicular 

®W °* indefinite length. In the figure we have divided the 

< . - ° 
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. Diagram of Work for Example I. 

stroke into 12 equal parts, for the following reasons: (1) the 

WtilS nf 'th T 1 }? 16 °/ the denominator of the fraction J (the 
fraction of the stroke at cut-off), so that one of the points of 

T? “ay coincide with the point representing the*cut-off; 

iiLe™ number °J P°“ te on the curve will thus be sufficiently 
0 r i ?T together to enable us to draw a'fairly accurate 

aS ™ 8 ' 5 and ( 3 ) we have taken the parte of .equal 

length because the stroke will be divided into Convenient and 

XI . recognised Actions. We might have divided the stroke 
into mne or even ten equal parts, as is usually the case in practice 

Kr P ££ e t z° nsju ' t ° s3l * ned ’ we prete ih6 w s” Mmi * ; 

respectively. ° 0 P " v Pv ” *» *»’- P»> 

«M £0 SmS S LTa“«r„ t S°S ll the t £S' 2 S 

»««■ °1> % O s definite pmportioS of V ‘ * 

c* 
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Further, lot the whole volume of the piston’s stroke he denoted 
by the number Ira-—*.«., let 12. Then, Vj-1, a, and sc 
on. The utility of this notation will be apparent from the 
following. 

The point of out off coincides with the^ point 4 (£ x 12 = 4), ka 
shown by the figure. Now we know that* 

ft “Fo=45 lbs. absolute,* and that t> 4 =4, 

^ ••• by Boyle'a Law , p® «* a constant 

. ,\ The Constant =p 4 ® 4 =45 x 4 = 180 . 


• • • 


Calculate and tabulate the pressures at the various points 
during expansion, thus— 


ft 

P10 

Pn 

Pit 



const. 


180 



•• 


5 



const. 


180 



V € 


~ 6 ~ 



const . 


180 


" 

V 7 

GS3 

7 



const. 


180 





T 



const. 


180 


= 

v 9 

= 

9 

tmm 


const. 


180 



*10 


10 



const. 


180 



*>» 


11 



const. 


180 


% 

v » 


12 



— 36‘oo lbs. abs. 

= 3 ° 00 » » 
= 2571 „ „ 


2250 „ 
20 00 „ 
18 00 .. 


»> n 


99 99 


- 16 36 » „ 


I S 00 >9 It 


We now possess all the data for completing the diagram. Along 
the perpendiculars drawn through the points 4, 5, 6 .... 12, 
measure off distances 4, 4,, 5, 5l> 6, 6,. . . /12, 12, respectively! 
to represent (according to the scale previously employed for the 
pressure O A) the pressures p„p t ... . p w given above. 
Then 4 ii _ 5 i 5 ,/ ■ • • 12,, are points on the expansion curve. 
Join A with point 4, and through the points 4,, S u 6. . . . . 12., 
'’raw carefully by hand (or otherwise as previously directed) 
an unbroken continuous curve, D E. This is the expansion 
curve, and is known .to mathematicians as a Rectangular 
Hyperbola. The area of the rectangle 0 A D 0 represents 
the work done to the point of cut off; the area of the figure 
C P E B represents the work done during exnansion. The area 
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ofthc whole figure OADEB represents to scale the complete „ 
digram of work. t " ' 

We are also asked by the question to find, from the diagram 
thus constructed, the pressures at jj, f and J of the stroke. 

Bince the length of stroke has been denoted by the number la, 
we, therefore, get— * 

f stroke-1 x 12= 4*5 
I „ "-lx 12= 7-5 

| w =|XI2 = I0'5 

These points are easily found, and are indicated on the right* 
hand part of the figure by the letters a, b, and 0 respectively. 
Drawing the ordinates, aa v bb v co lt and measuring their lengths, 
we get, according to the scale of pressures, the following resol 


aa. 

b\ 

cc. 


' 40*00 Ids. abs. 
25-00 
17-14 
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Second Method; by Graphical Construction.—As before 
draw two axes O P, O V, and measure off the distances 0 A, 0 B 
to represent the initial pressure and the volume of stroke re 
spectively. Let 0 0 represent the volume swept through by th^ 
piston to the point of cut off. Complete the rectangles 0 ADO* 
0 A P B. Divide C B into any number of equal or unequal parts, 
and at these several points of division raise perpendiculars to 
meet the line A F.f 

To find points on the expansion curve, join the origin 0 , with 
the point i', on the line A P. This line cuts the perpendicular 
CD, in the point 1". Through point 1", draw the line 1" 1., 
parallel to OV, and terminated by the perpendicular through 
point 1. The point i„ is a point on the expansion curve. Similarly, 
join 0 2'. This line 0 2', cuts the perpendicular CD in the 
point 2". Through 2", draw the line 2 ,, 2 1 , parallel to OV, to 
meet the perpendicular 2, 2', in point 2,. Then, point 2,, is also a 
point on the expansion curve. By proceeding in this way, as 
s|<jwn by the figure, we get the series of points i„, 2,, 3, ... . 

1 

* These are the exact values, as may be readily proved by calculation. 
When, however, the measurements are carefully made, and the curve 
neatly drawn, such results should not differ from the correct results by 
more than a or 3 per oent. 

* * + Aft inspection of the ourve D E (in the previous figure) shows that it 
4 is steeper near to the end D than it is towards the end 3« Pence, if we 
m flse equidistant ordinates, a greater length of ourve will lie between two 
<&£ ? '6onfcecot4*e points near the end D than towards the flatter portion of the 


i 


^#urve at B. ¥or this reason, It fs advisable to have the points i, 2,3 . . . 
#i dear to Q, jpuoh otosar together than those points towards the end fi. r 




^ s **#s**0Afi oosotWotioh. W6 

onife^rifc, then be drawn tfcyoughlsbe points 

thus found* * «* 

* 
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The pressures at y, J, and | of the stroke can then be found 
as befoie, by measuring the ordinates thiough the points a, b, 
and c respectively. 

If the steam was compressed, accoiding to Boyle’s law, from an 
initial volume O C, the curve of compression would be a continua¬ 
tion of the cui ve E D, as shown in dotted line by the figure. 
The method of di awing the compiession cuive is identically the 
Same as that described above for the expansion curve. It will be 
&ufiici<j6l to shdft how to find one point on this compression 
curve. 

Suppose we require to find the pressure when the volume is 
diminished to O d. Through d, draw the perpendicular Z> J 9 ,, 
cutting A F, in the point d'. Join 0 d', and produce it to meet 
OI), produced in d". Through d", draw d"d v to meet d d v in c 2 j 
Then d l is a point on the compression cwrve. 

Proof of above Construction. —That the above construction 
is mathematically correct may be proved as follows: 


Let 0 A = Initial pressui p, p v 
OB = Tolume of stroke, 
00 « Volume to cut off, v v 
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of the stroke be represented by the letters p, t and v A respectively. 
Complete the rectangles OADO, 0 A FB. Find by the previous 
construction the point Q, on the expansion curve corresponding 



Illustrating Proop for Geometrical Construction. 


to volume 0 H. Produce Q L to meet 0 P in M. Then the 
area of the rectangle OADC represents the product, p t v x h } i.e. 
the pressure x the volume at the point C. We have now to 
prove that —area of rectangle O M Q H = area of rectangle OADC. 

Since 0 A K H, is a parallelogram having parallelograms, 
OML0, LDKQ, described on its diagonal OK, then the 
remaining parallelograms M A D L, and C L Q H (which make up 
the complete figure O A KII) are called complementary parallelo¬ 
grams. Now, by Euclid , Hook I. proposition 43 , it is proved that 
the areas of complementary parallelograms are emnl. Horace the 
parallelogram CLQH = the parallelogram M A D L. Add to each 
side of this equation the parallelogram OMLC, and we get— 

Arec^ O M Q II =Area OADC 
i.e . OMxOlUOAxOC 
Or, Ph*V h -P'*l\ 

1 Which proves that Q is a point on the expansion curve. 

^Simpler Proof. —The following is a still simpler proof. In 
* the similar triangles O L 0, and 0 K H, we get— 

0 L ; 0 0 = H K : HO (Euclid VI.- 2 .) 
OLxHO = HKxC(f 
But, 0 L = H Q, end H K=0 A 
HQxH0=0 AxOO 
.*. as before p h x v A —p 0 x v 0 
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J Lectors XU.— Questions. 


show that tha 


L State Boyle’s law, and describe an experiment to 
pressure of a gas varies inversely as the space ft occupies. 

2. Steam is admitted into a cylinder at atmospheric pressure, and is cut 
off at half stroke. Divide the Btroke into 10 equal parts, and, supposing that 
the pressure at the beginning of each of these portions remains uniform 
until the piston reaches the next in order,#find the pressure at each point 
as well as the mean pressure. 

3. The cylinder of an engine is 25 inches long, and steam is admitted at 
18 lbs. total pressure, the final pressure being 4 lbs. At what point of 
the Btroke was the steam cut off? Ans. 6 a 5 inches. 

4. Steam is admitted into a oylinder at a pressure of 25 lbs. on the square 
inch above the atmospheric pressure of 15 ibs. on the square inch, and is 
cut off at such a point that its pressure at the end of the stroke is 5 lbs. 
below that of the atmosphere. At what point of stroke was it out off? 
Make a diagram, showing approximately the steam pressure on the piston 
throughout the stroke. An*. ^‘25 of the stroke. 

5. The cylinder of an engine is 25 inches long; steam is admitted at 
18 lbs.«etual pressure, and the final pressure is 4 lbs. Divide the stroke 
into 10 equal parts; find the steam pressure at each point of division, and 
set out Watt’s diagram of work done. Find also the mean pressure of the 
steam by Watt’s, by Simpson’s, and by the usual rule. Arts, mean = 10 lbs. 

6 . The stroke of a piston is 4 feet 6 inches, the steam is cut off at 9 inches, 
and the pressure at the end of the stroke iB 5 lbs. below that of the atmo¬ 
sphere. At what pressure above the atmosphere was steam let in ? 45 lbs. 

7. Steam is admitted into the cylinder of an engine at a pressure of 45 lbs. 
per square inch by gauge, and is out off at one-third of the stroke. Find the 
pressure in pounds at half-stroke, and also at the end of the stroke. Show 
roughly, by a diagram, that additional work is obtained from a given 
quantity of steam—(1) by cutting off the supply from the boiler before the 
end of the stroke; (2) by condensing the steam instead of allowing it to 
escape into the air. A ns. 25 lbs.; 5 lbs. above atmosphere. 

8 . Explain the advantage of working steam expansively and with con¬ 
densation. Steam is admitted into a cylinder at 30 lbs. above the atmo¬ 
sphere, which is taken at 15 lbs. per square inch, and is cut off at a certain 
point,40d then 4 *qpands to a pressure of 5 lbs. below the atmosphere. If 
the length of stroke be 44 feet, at what point is the steam cut off? Ana. 
1 foot. 


9. The temperature of a condenser is 100° F., and the corresponding 
pressure from rtegnault’s tables is *942 lbs. The vapuum shows 26 inohls by 
gauge, and the barometer stands at 29 9 inches; what part of the increase 
in back pressure is due to air in condenser? A ns. = *03 lb. 

10. The mean steam pressure on a piston being 26 lbs. to the square ineh 
above atmospherio pressure, and the mean vacuum pressure 13*5 lbs. to tho 
square inoh, what is the total force exerted on a piston 63 inches in diameter? 
What would have been the force if the engine had exhausted at atmospheric 
pressure? Ans. 123,131 lbs.; 81,048 lbs 
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J LECTURE XIII. 

CoktknTS.—C harles’ Law of the Expansion of Gases—Absolute Zero of 
Temperature—Expansion of a Gas doing External Work—Adiabatic 
Expansion—Heat Engines—Carnot’s Principle —Entropy and Thermo* 
dynamics from an Engineer’s Point of View—Questions. 

Second Law of the Expansion of Gases.—This law, which was 
discovered by Charles, and is known as Charles’ law, was first 
published by Dalton in 1801, and independently by Gay Lussao 
in 1802. It may be stated as follows:— 

A gas, under constant pressure, expands by a definite fraction of 
its volume at 32° Fah., for a given increase of temperature. The 
amount of this increase of volume has been the subject of careful 
investigation by many experimenters, and the value assigned by 
Regnault is that the expansion of a gas between 32° Fah. and 
212° Fah. is '3665 of its volume at 32° Fah. We muq^lso note 
the remarkable fact that the amount of expansion is the same 
for all gases. The laws of the expansion of gases are only 
approximately true for actual gases, but form the essential 
characteristics of a perfect gas The variation from thiB second 
law is very slight in permanent gases (».«., gases which cannot be 
liquefied by cold or pressure), but is more considerable in 
liquefiable gases. Every gas, however, more nearly fulfils this 
law the more highly it is heated and rarefied. Air, when 
perfectly dry, deviates but slightly in its behaviour from that of 
a perfect gas, but when containing moisture, as it almost always 
does in practice, the deviation is considerable. 

Absolute Temperature.—We have seen that a volume of gas 
falling in temperature from 212° Fah. to 32° Fah., contracts in the 
ratio of 1*3665 to 1. A curious question noy arises, At 
what temperature will the volume of the gas diminish to 
nothing! The gas in falling the 180° between boiling and 
freezing points on the Fahrenheit scale, decreases in volume *3665 
of its volume at freezing point, with what fall in temperature 
Ip 32° would it decrease to nothing 1 
Stating by proportion we have— 

Or, let sb = temperature from 
freezing point; 

Then— 

* _1 

* +180 “ 1*8665 
1 * 3665 * = *+ 180 
*3666 * = 180 
180 



8665:1 180: sb 

<*. ^gggg = 491**18 Fahrenheit. 




• oif' Fahrenheit' 
ftt -*&, and all the h eat 
. from it This number, - 459M3, or 
Fah.; is termed the absolute zero of temperature ,; artel 
corresponds approximately to, - 273°Cent. . \ 

v. The annexed diagram* will make this clear. * 
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;. BZ is a line of temperatures, F, being the freezing point and, B, 

the boiling point. We know that the ratip of the volume of the 
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gaa at F to the volume at B is pggggi therefore, if we draw 


at’ right angles to, B Z, two lines, B A, and, F B, to represent 
the relative volumes of the gas at these points, then join A E, and 


vins that ; at 
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Tins absolute aero Of temperature has been fixed solely by 
reasoning, and no temperature so low having ever been obtained, 
we can assert nothing as to the state of a gas when deprived of all 
its heat. In questions on thermodynamics and the expansion of 
gases, it is most convenient to measure temperatures, not from 
the arbitrary zero of the Fahrenheit scale, but from the absolute 
zero just found, so that, if t = temperature from Fahrenheit zero, 
r *= absolute temperature Fph. Then r = t + 460. 

We now have a means of estimating the amount of expansion 
of a gas due to a given rise of temperature, the expansion being 
proportional to the absolute temperature. Al l gases 'expand 
rJ-j of their volume at 32* Fah. for every increase of tempera¬ 
ture of 1* Fah.* We may, therefore, express the laws of Boyle 
and OharleB by the formula— The product of the pressure and 
volume of any gas is proportional to the absolute temperature, i.e .— 

PV = 144pV =c T Or, c = —. 

T 

Where P = lbs. per sq. ft; V = vol in cub. ft ; c - constant fo rj fre gas + 

Expansion of a Gas doing External Work.—Hitherto we have 

been dealing with the expansion of a gas in accordance with 
Boyle s law, and we have drawn the curve of expansion in 
Watt’s diagram of work. The necessary condition for the 
fulfilment of Boyle’s law is, that the temperature remains 
constant, and the curve representing expansion under this 
condition is an hyperbola, and is known in connection with 
this subject as an 11 isothermal curve,or curve of equal tem¬ 
perature. Suppose we have an ideal engine, the cylinder of 
which is constructed of non-conducting material, so that no heat 
can enter or leave the working gas during its action, and that 
we introduce a mass of air at a certain pressure, volume, and 
temperature, and allow it to do work on the piston by its ex-. 
pansive power; although no heat can pass through* TfttovySnder, 
yet we find that the temperature of the working gas falls con¬ 
siderably throughout the expansion. The explanation is easy* 
The gas in expanding converts a quantity of its heat into actual 
mechanical work, and the amount of work done by our ideal 
engine must be the exact mechanical equivalent of the heat 
te&by the gas in the oyUnder. Therefore, when a gas expands 
doing external work, its temperature must fall (otherwise no 
work could be done), and the relation between pressure and 
Volume will not be in accordance with Boyle’s law, unless heat 
la supplied to the substance during expansion, in proportion to 

~ The coefficient of expansioi 

te 
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,,, ' r ^« stetoft^expansively, , 

;■»■' rr^ 11011 *° wfer.Ho this application of the printaniS ; v 

? a .8 aa expands without doing any exteril' Vprh 
is unaltered. 

E^ a n 8 ion.--^'a!pa?wrto» cjoiny toorl teMdul -yatn^y' 

m ™ t&rna { 90Urce {«* aiready rfl/sn-sef <o) w termed 
adiabatic expansion, and the ourve which represents the changes— 
or pressure and volume throughout is termed an “adiabatic’ 1, ''' 

curve, to distinguish it from the isothermal curve of expansion 
-according to Boyle’s law. f*uw p • . 
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. Suppose we have a volume, O A, of a gas at a pressure. ' : 
%*’ ftn d expand it at a uniform temperature, and let theohanges V 
« ° 1Um \ be repre f^ te d by the isothermal or^e,. 

Ihen > “ tbe 8“ be expanded adiabatically, the change* v 
of pressure and volume will be represented by the adiabaW 

““J xt . 18 evident that this curve must fall below , 
-the isotherms 1 since the gas has done'work. If how* . 

•gff * e ^“Press the gas from the volume 0 A to the volume ' ' 

- W ® rk Upon it} md the equivalent of tbw 
wor^done upon thecas imparted to it in the form of an add£% 

; M^wanfa^ro f h^^Ifth e compression takes place at unifo§|5 
temperature this atfMnal heat must escape, -- J *-*■ 
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voliiihe .will be reoresente^ by the 





LEOTUBEXIII. 



same as if the gas had first been compressed at constant tem¬ 
perature and then a certain quantity of heat had been taken up 
by it While its yolume was kept constant. Thus, we see thatthe 
' adiabatio curves are more inclined *to the line of volumes than 
tlie isothermals, and, therefore, to diminish the volume of. a gas 
by a given amount, requires a greater increase of pressure when 
tne gas is prevented from* losing heat, than when it is kept at a 
constant temperature. We infer from this, that even in a 
conducting cylinder, if the compression takes place very suddenly, 
before the heat has time to escape, a greater pressure will be 
required to compress it than if the action were gradual For a 
complete study of this part of the subject we would refer the 
student to the larger treatises.* 

Heat Engines.—We propose now to discuss an ideal or 
imaginary engine, for the conversion of heat into mechanical 
work, and shall calculate the work done by the engine. 



Imaginary Heat Engine. 


^ Let A3 be the working cylinder of the heat engine, having 

‘ 4 a volume of a perfect gas, say air between the cover, A, and the 

piston, P. The cylinder must be constructed of non-conducting 

’ material, so as to allow of adiabatic expansion, but yet it must 

be capable of transmitting heat to and from the working sub- 

. stands at certain intervals of the stroke. We see, therefore, 

' thajt these speoial conditions of working are contradictory, but, 
* ' « 0 

4 . Such aa Rankine on The Steam Engine, Cotterill on The Steam Engine 

, *V &Mri<(ereda* a Heat Engine, Maxwell on Heat , 

^ * • 0 /' ‘ * «' , * ' , ' , \* 



„sMh%eMine '& V^Srely iibaginary,.we shall. suppose that "this, 
^difficulty hu bden Overcome. ■ 

Starting then with the piston in position, 1, we have a volume 
of gas, Of (see diagram below cylinder), at a pressure, fa{ and 
absolute temperature, r } . As the crank moves from position 1 
to position 2 (upper diagram), the air is compressed, and, since 
no heat can escape, the relation* between pressure and volume' 
is represented by the adiabatic curve, a b (lower fig.) When 
the pipton Has reached point 2, the absolute temperature of the 
working substance has risen to r r During the movement of the 
piston from point 1, to point 2, work has been spent upon the 
working substance,- and this we may call negative work. The 
working substance now forces the crank further round and 
begins to expand. The effect of this would be to make the 
temperature fall, but throughout the expansion from 2 to 3, 
heat is supplied to the working substance in sufficient quantity 
to majpilgjn the temperature uniform, and the relation between 
volume and pressure is represented by the isothermal curve, b c. 
During this process the substance is doing work, and this' we 
reckon as positive. In order to maintain this isothermal curve 
a quantity of heat, H, has been taken up by the working sub¬ 
stance. When the piston arrives at point 3, the supply of heat 
to the working substance is stopped, and the expansion continues 
without gain of heat, therefore the temperature falls. The relation 
between the pressure and volume at this part of the stroke, is 
represented by the adiabatic curve, c d. When the temperature 
has fallen to r x (the temperature from which we started) the 
piston will have arrived at the end of its stroke, and the work 
having been done by the substance will be reckoned positive. 
The crank is now in position 4, and on passing that point 
causes the^kAnu to move back and to compress the air in the 
cylinder. This compression would cause a rise of temperature, 
but tiie additional heat imparted to the substance is abstracted 
during the compression, and the relation between pressure and 
volume is exhibited by the isothermal cunfe, d a. Since, before 
beginning the return stroke the working substance had the same 
temperature as that from which we started, therefore, when the 
piston arrives at point 1, the working substance has returned 
exactly to its original state as regards volume, pressure, and 
temperature. During this latter portion of the stroke work 
has been spent upon the Substance, and must, therefore, -be 
considered negative, and ^simultaneously a quantity of heat (say h) 
has been abstracted from the working substance. • 

Such a series of operations as this, by which the wprking 
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At 80 lbs. pressure absolute, reckoned from 32* F., the number* 
of B.T.U. per lb. of this steam is 1,177 (see Steam Table II.). 
Subtracting from this total the sensible heat units per lb. of feed- 
water between 32° F. and 212* F. we get (1,177 - 180) «= 997 
B.T.U. This quantity multiplied by 30 - 8 (the lb3. of steam 
required per I.H.P.-hour), ‘gives 30,707-6 as the total B.T.U. 
from and at water of 212° F. But the steam was superheated 
by 200° F., and assuming the specific heat of such steam to be 
0-48; then (0-48 x 200) = 96 B.T.U. per lb., which, if added to 
the above 997, gives 1,093 B.T.U. per lb. of superheated .steam. 



Superheat at Slop Valve inJJegreu Fdh. 

Eio. 17.— Curves Showing the Percentage Gain in B.T.U. given to 

PEED-WATER, AS WELL AS THE PERCENTAGE GAIN IN STEAM USED PER 

I.H.P.-Hour Due to Superheating in Willans & Robinson’s 
Simple, Compound, and Triple-Expansion Engines. 

Consequently, since 20 lbs. of such steam was used, (20 x 1,093) 
«■ 21,860 B.T.U., as the total heat units in the superheated 
steam required per I.H.P.-hour, hence:— 

B.T.U. B.T.U. 

30,707-6 : 21,860 :: 100% : y%. 

¥- 714 %. 

Of, (100 per cent. — 71-2 per cent.) = 28-8 per cent., which is 
the net calculated gain when reckoned in B.T.U. added to feed- 
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Ift LeoturS XTO it it shoyn that when a gaa expands* 
according to Boyle’s law, frpm a pressure and volume, p v e a , to 
another pressure and volume, p# v v say, aud does work, the 
value of the* work done is 


v 


P 2 v 2 lo g. I s foot-lbs., 


v 


2 


when p 3 is in lbs. per sq. ft., and v 2 A in c. ft. 

How, Bince our working substance, the gas, takes in a quan¬ 
tity of heat, H, while expanding from a volume, v v to a volume, 
v s , sufficient in amount to keep the temperature at the constant 
value, r 2 , it follows, from what has been already said about 
isothermal expansion, that the work done on external bodies by 
the gas, must be equal to the mechanical equivalent of the heat 
supplied, that is to say, 


v. 


« w 


J H = p 2 1 > 2 log, - 3 , 


V c 


Ok 


c r a log — 3 . 


By similar reasoning, we get 


JA = cr x log,-4 


Vi 


Substituting the values of H and A, thus obtained into the 
equation for the work done, we get 

*1 log -* 


} 



f-JH 1 - 


Since the points, a and b, are on the adiabatic curve, a b, we 
have the following relation between the co-ordinates of these 
points— . -m 

. . . (1). 


Pi v l 


Pi 


n being a positive quantity, greater than unity (see Lecture XV) 
Similarly, for the adiabatic curve, c d, we have 


Ps v a - Pi v t> • • ( a )- 

Also, for the isothermal curves, bc and ad, we have the two 
equations-— * 




ft 


Pi V 2 v ‘ Pt V V * 


Oh 
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We have thus four equations, from which, if we eliminate the 
. four pressures, we obtain the relation ■ / ' 5 


»* i 
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V , 
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Vi 


This enables us to simplify the expression for the work done, 
which now becomes « 

W~JH.fl-- 1 1 


= JH 




_ r 2 ~ r 1 


And the efficiency of the engine 

W 
“ JH 

For example, suppose that the air in our ideal engine is raised 
to a temperature of 400°, and, after doing work, its temperature 
is 32* Fah .; 

Then, r 2 = 400 + 460 = 860 
r x = 32 + 460 = 492 

\ Work done « JH^^LZJj^ = JH (^gg^) = ‘43 JH, nearly. 

Again, returning to the equation, 

*a = *4 

V 2 V 

which may be written in this form— , .. 

! Og Oh 

Oe = Of 

or, O a ■: O e : : O h : Of, 

’ym have the relation which .must hold between the volumes of 
the substances at the various stages of the cyclical process just 
described. This relation enables us to determine the value of 
r .Op, so that the adiabatic expansion from position 3 to 4 will 
Cause the temperature to fall to r x °. 

Oe^Of, and Oh are supposed to be known, henoe a simple cal¬ 
culation, wpl give us Off, or the absoissaoof the point 3, because 


- T <«l * * r • 
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laid down by Sadi 
in 1824:— 



folio 
t,the 



y, .< 


import®*^ principle; was 
er“of the tbeoty just given, 


The amount of work done by a reversible heat engine depends 
only on the constant temperature at which heat is received, , add 
at which it is rejected, and is independent of the nature of the 
intermediary agent (such as steam, .air, <fco.) Its efficiency is 
co nse quently a maximum. * 

We see, therefore, that the amount of work got out of a heat 
engine, depends entirely on the absolute temperatures between 
which it is worked. In order to obtain the whole of the work 
from a mass of heated air, it would be necessary to cool it down 
to the absolute zero—a process beyond the reach of practice; 
and, hence, our imaginary engine, which is absolutely perfect 
in its action, is only able to yield a portion of the energy 
stored in the gas in the form of heat. The example worked out 
shows this clearly, for our perfect engine, in working between 
the temperatures 400“ and 32°, can only convert *43 of the heat 
energy into actual mechanical work. The efficiency of any heat 
engine used in actual practice, such as a steam or an air or a gas 
engine, is considerably less than this. 


Entropy and Thermodynamics from an Engineer’s Point of View. 

—Although a few lectures nave been written by the author for this book 
upon this subject, in order to meet the modern requirements of engineering 
examinations, as well as to place before the independent student the latest 
views on the same, we must oonfess, that the suddenness with whioh the 
present edition was called for has prevented these lectures being got ready 
in time for this issue. Our beBt plan, under these circumstances, is to 
herewith recommend a few of the latest books and articles on this import- 
ant subject, whioh naturally follows the consideration of “C&mot’s 
Principle”:—1896, “The Thermal Efficiency of Steam Engines,” by H. R. 
Sankey. Captain R.E., M.Inst.C.E. (of Messrs. Willans and Robinson, 



1900, “Work and Heat, Entropy, Water Steam, 0<f> Diagrams,” sets 
Chapters XXI. to XXIII. in Prof. Perry’s Text-Book on the Steam Engines 
1903, Thermodynamics of Heat Engines, by Prof. S. A. Reeve, Worcester 

.., published by Macmillan & Co., London and New 

Max Planck, Translation, 
1903-04, Four articles in 

Entropy or 
Swinburne, 
mmneers: also. Book on 

same, published by Archibald Constable & Co.. 1904- 
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1 * Having regard to the theory of heat, will you state some reason* for 
concluding that when steam expands in a cylinder behind a working piston, 
the law of expansion differs from that of fioyle? 

Define a heat engine. State the conditions nnder whioh such an engine 
m give out the greatest quantity of work, and establish your statement 
by reasoning. A perfect heat engine receives heat at 350° F., and rejects 
heat at a temperature of 90° F. { Find its efficiency. Ana. = *32. 

3* An engine uses 10 lbs. of steam per minute, the feed temperature is 
60° F., the boiler temperature 300° F., and that of the condenser 104* F., 
what is the theoretical maximum efficiency of the engine? State Reg- 
naulfa formula for the total heat of steam at a given temperature, and 
deduce the amount of heat which each pound of steam has received in the 
boiler. What horse-power would be developed if the engine worked as a 
perfect engine? Ana. *258 ; 1144*4 ; 69 h.p. 

4. Find an expression for the efficiency of an elementary heat engine. 

6 . Investigate a method of ascertaining the absolute temperature which 
corresponds to 100° F. 

6 . What is meant by the adiabatic expansion of a gas?* If you were 
required to set out approximately the curve of adiabatic expansion of 
steam, how would you proceed ? 

7. A steam engine at the mouth of a coal pit is employed to compress air 
to a pressure of 3 atmospheres. The air becomes heated, but is oooled 
down dv water to a temperature of 100° F. It is then conveyed in a pipe 
to the bottom of the pit and to somo distance along its workings, being 
finally caused to drive the working piston of an ordinary high-pressure 
engine. The air when liberated produces a freezing temperature in its 
neighbourhood. Apply your knowledge to explain this fact. 

8 . What do you understand by the term “heat engine”? Define the 
efficiency of a heat engine and show why it is that only a small proportion 
of the heat absorbed by a heat engine reappears in the form of useful work, 
and show also which of the sources of loss must ooour even in a perfect 
heat engine. If an engine and boiler oonsume 3 lbs. of ooal per hour per 
horse-power and the heat developed during the combustion of each lb. of 
ooal is sufficient to convert 12J lbs. of water at 62* F. into steam at an 
absolute pressure of 100 lbs. per square inch (temperature, 327*9° F.), what, 
under these oiroumstanoes, is the efficiency of the engme^xw-Wwiler effici¬ 
ency being taken as 72 per cent.? (S. & A., 1897, Adv.) 

9. Write out the formula enabling us to calculate the heat which must 
be given to Btuff when (1) at constant volume, v v the pressure changes 
from Pj to ; (2) at constant pressure, p 1 , the volume ohanges from v x to 
v?i (3) according to any-wav of altering in pressure and volume. Prove 

^ these rules from first principles, and from the two laws of thermodynamics. 

* (S. A A., 1897, Hons.) 

10 . Calculate the woik done per lb. of steam by a perfect steam engine 
working between the absolute temperatures, t, and t%. That is— 1 lb. of 
water is heated as water from ^ to t 2} and is then converted into steam, 
expanded adiabatioally till it reaches u, and the operation completed along 
an isothermal to the starting point. Show why Mr. Willans found this a 

J ^ enoughstandard for non-condensing, but unsatisfactory for condens- 
# (8. A A., 1897 , Hons.) o 

& the law connecting tne pressure, volume, and absolute fcem- 
eperature* I lb. of air? Consult the printed table furnished you at the 
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tod of Text-book bribe density of ear. Wby is the specific beet greeter 
at constant pressure than at constant volumS ? (B. of E., 1900, Adv.) 

12. Steam enters a cylinder at 100 lbs. (absolute) per square inob, It is 
crit off at one-fourth of the stroke, and expands according to the laur *’pv 
constant.” Find the average pressure (absolute) in the forward stroke. <-U 
the back pressure is 17 lbs (absolute) per square inoli, what is the average 
effective pressure ? If the area of the cross section of the cylinder is 126 
square inohes, and the orank is 11 inches long, what work is done, in one 
stroke? Neglecting clearance and oondbsation, what volume of Steam 
enters the cylinder per stroke ? If the admitted steam has a volume of 3 
cubic feet to the lb., what is the weight of steam admitted per stroko? 
What wqrk is done per lb. of steam? (B. of E., 1901, Adv.) 

13. Steam enters a cylinder at the absolute pressure, 120 lbs. per square 
inch, and expands according to the law “pv constant ” Neglect clearance 
and cushioning, and use the ordinaiy hypothetical diagram. Constant 
baok pressure, 27 lbs per square inch. Take the following values of the 
cut-offHalf-stroke, quarter-stroke, eighth of stroke. Find in each case 
the effective pressure The area of the piston is 1 square foot: Btroke, 2 
feet; what is the work done per stroke? What is the work done per 
cubic foot of steam entering the oylinder ? Tabulate your answers. 
(B. of E. JL903, Adv.) 

14. Wnat is the law connecting pressure, volume, and temperature of 
1 lb. of air, if at 1 atmosphere and 0° C the volume is 12*39 cubic feet? 
At 2]) atmospheres and 130° C., what is its volume? It lecoivos heat 
energy equivalent to 300,000 foot-pounds at constant volume. What are 
its new pressure and temperature ? The snccifio heat of air at constant 
pressure is 0-238. (B. of E., 1903, Adv. and H., Part l.) 




LECTURE XIY. 

Contents. —Distribution of Strom in a Cylinder—Lap and Lead of a 
Valve, &o., Angle of advance of an Eccentric, Points of admission, Cut¬ 
off, Release, and Compression—Diagram of the relative positions of 
Crank and Piston—Zeuner’s Valve Diagrams.—Questions. 

¥ 

v Distribution of Steam in a Cylinder.—Before explaining the 
Indicator, and the results obtained by it in the form of Indicator 
Diagrams from various types of engines, it will be necessary to 
describe generally the action of the eccentric, slide valve, crank, 
connecting rod, and piston, with their relative positions, so as to 
understand the distribution of steam in the cylinder of an 
ordinary engine. 

This is most graphically and easily done by aid dP* a* large 
skeleton working model, in which the slide valve, piston, <fcc., are 
all shown in section in one plane. 

By aid of thiB model (fitted with a set of slide valves having 
different dimensions, the means of fixing the eccentric at 
different angles to the crank, and of altering the link motion or 
the travel of the slide valve), the distribution of steam in a 
cylinder may be studied simultaneously by a large class. 

The engine, as seen by the arrow on the crank pin circle, is 
going ahead or turning with the hands of a watch. The valve is 
moving forward and on the point of cutting off steam from the 
cylinder at about half-stroke, while the piston is moving back 
towards the after end of the cylinder, and will therefore complete 
the rest of the stroke under the expansion of the s|tw m „ 

It will be seen from the figure that the eccentric, E, consists of 
a simple pulley placed eccentrically 2\ inches to the crank shaft 
centre, t.e., with a throw of 2J in. The to and fro movement of 
the BUde valve is obtained from this eccentric through the 
‘.intermediate mechanism of the eccentric strap, eccentric rod, 
■E R, and the valve spindle, V S, while the to and fro movement 
of the piston, P, is obtained from the crank keyed to the crank 
shaft, through the intermediate mechanism of the connecting 
rod, 0R, and the piston rod, PR. It is, therefore, clear that, 
in order to ascertain the effect of the slide valve in distributing 
steam to the oylinder, its position at any point of the piston’s 
stroke £iuBt be studied by observing thd 1 relative positions of the 
> eccentric and the crank. 


separate aet of link motion, doable eccentrics, &c., which can be pat on in a few 
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‘ Lap -and Lead of a Valve, &o.—The slide valve shown in the; 
following figure is purposely placed at the centre of its stroke, 
in order to facilitate an explanation of what k> meant by lap. 
The valve consists of a hollow box with projecting ends, the 
lower face being accurately planed and fitted, so as to be steam 
tight on the valve port face. The hollow arch of the valve just 
covers the distance between the inner edges of the steam ports, 
so that the moment the valve cuts off the exhaust from one end 


of the cylinder it opens tbe other end of the cylinder to exhaust. 
Sometimes, however, slide valves have what is termed inside lap , 
that is, an inner projection at each end of the arch of the valve, 
marked in dotted lines by, x, in the figure. This causes the exhaust 
to take place later on the one side and to be cut off sooner on the 
other side of the piston. The effect of this is twofold—(lj a 
later release causing a higher back pressure, (2) compression 
before the end of the stroke. The latter result is useful, as we 
shall see in the next lecture, owing to arresting the momentum of 
the moving piBton, piston-rod, crosBhead and connecting-rod, and 
thus lessening what would otherwise be a sudden stress or jerk 
on the cross-head and crank-pin bearingB, causing undue wear and 
tear. This is termed compression or cushioning; frequently how¬ 
ever, part of the cushioning is effected by giving “ lead ” to the slide 
valve, that is, allowing it to open the steam port before the piston 
has come to the end of its stroke. 



Now, looking at the left-hand figure we see the three dotted 
vertical lines drawn^ above the valve face at each end of the 
valve. The distance, 0 to L, is the amount by which the valve 
overlaps the steam port at each end. This is termed the outside 
lap of the valve, while the distance between L and M is the 
amount the valve (when at the end of its stroke) openf the 
steam port for admission of steam into the cylinder, T Ma 
distance, L M, is frequently less than the breadth of the steam 
* 1 port^beoause the same passage serves both for inlet of the steam 
to, and its fxit from, the cylinder; ant:, seeing that tbe 
hfcS expanded in bulk while doing work in th& Cylinder, the 
f freer, and the quicker the exhaust, the less will be the bask or 
* obstructive pressure. - .. 
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The vertical clotted lines dratfn from, N,' below the valve face 
nfear the outside edgs of eaoh steam port, indicate the lead, 
lie circle in the right-hand figure is taken to represent the path 
Of the centre of the eccentric pulley, which works the slide valve. 
The radius, 0 M, is, therefore, equal to the throw of the eccentric, 
or half the travel of the valve. Now, supposing the crank to be 
in the position, 0 0, or level at the inner dead centre in a 
horizontal engine («.&, the piston is jiAt at the commencement of 
the Outgoing stroke), mark off the distance, O N, equal to the 
outside lap, 0 L, plus the lead, L N, draw N E perpendicular 
to 0 M, and join 0 E; then (neglecting the obliquity of eccentric 
rod) we have— 


0 C for the Centre line of the crank. 
OB „ „ „ eccentric. 

0 L „ Lap. 

ON „ Lap + lead. 


L M for the Maximum opening to 
steam 

0 8 for the Angle, B 0 E, or the angle 
of advance. 


We *thcm see that the centre line of the eccentrio must be in 
advance of the centre line of the crank, by (90° + 6°), where 6° 
is called the angle of advance. 

If there was neither lap nor lead, then the centre line of the 
eccentric would be at right angles to the centre line of the crank, 
or the eccentric only 90* ahead of the crank. 

In order to impress these various parts and positions of the 
slide valve, we again enumerate them as definitions. 

Zap or cover of a slide valve is the amount by whioh the edge 
of the valve overlaps the adjoining edge of the steam port, when 
the valve is in the middle of its stroke, and is termed outside or 
inside lap, according as we refer to the outside or inside of valve. 

Lead is the amount of the opening of the steam port at the 
beginning of the piston’s stroke. 

Angle of advance of eccentric is the angle by which the centre 
lin e of the eccentrio stands in advance of that position, whioh 
would bring the valve to its mid-stroke when the crank is on the 
dead point; or, in other words, the angle between the crank and 
the centre line of the eccentric minue 90°. * 

* The throw of an eccentric is the distance between the oontre 
of crank shaft and the centre of eccentric pulley. 

The travel of a slide valve is equal to the distance the valve 
moves to and fro in one stroke of the piston, or twice (the 
lap+opening to steam). It is equal to twice the throw of eccentrio. 

* Seven! authors— e.g.,Vtgt. Goodeve—state that the throw of an eccentric 
la equal to the diameter ot tae oircle described by the centre of the eooanMo 
pulley. The word throw is ambiguous, and might be discarded, for It is 
liable to lead to confusion, gee The Practical Engineer, NoV, 18,1337, p, 521. 
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The f oregoixfjj diagram illustrates the four principal points in 
the motion of the simple D slide valve of tne working jubdel 
explained at the begriming of this lecture, p. 170, as well as the 
corresponding positions of the crank,'and alBo the probable 
distribution of steam in the cylinder or “ diagram of work.” 

1. The point of admission of steam to the cylinder. 

2. The point of cut-off of steam from the cylinder. 

3. The point of release , or when eSchaust begins. 

4. The point of compression, or when exhaust stops. 

The diagram is self-explanatory, in as far as it Bhows how each 
of these points marked on the crank pin circle are projected on 
to the “ diagram of work ” (or piston’s stroke) below, with the 
corresponding positions of the slide valve sketched on the lines 
of projections. The direction of motion of the crank and of the 
slide valve at each point is also made clear by arrows. It will 
be observed that the slide valve is at the same position with 
respect to the steam ports when beginning to admit steam to the 
cylinder and to cut off the supply of steam from the same, and 
that its direction of motion is in each case opposite to the direction 
of the piston’s motion. It is also evident that the slide valve is 
at the middle of its stroke when release and when compression 
begins, and that its motion is opposite in each ease to that of the 
piston’s motion, as indicated by the straight arrows placed 
directly above the slide valve. 



Strok* of Piston 


Relative Positions of the Crank and the Piston.— The following 
method of determining relative positions of the crank and the 
piston is of great importance, because it is the method used itt 
determining the relative positions of the slide valve and its 
eccentric. 

In the fig., let O 0« represent the crank, then with centre, C v 
and radius (0 R) -* tuff connecting-rod, describe an an cutting the 
centre line of the engine’s stroke in (0 H), which gives theposmqp 
of the oro8shead. ^Vith this point (0 0) as; a centre, and: the, 
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length of (0 E) as radius, describe the arc, 6, Dj. The length 
0 D s mil be equal to the distance of the piston from the muddle 
of its stroke when-the crank is in the position OOj. If this 
distance, 0 Do, be set off along the crank, 0 by drawing with 
oentre, 0, ana radius, 0 D s , the arc, D s d v and the same operation 
be repeated for a series of different positions of the orank, all 
these points will be found to lie on the polar curve, 0 d 2 CL Any 
ohord of this curve drawn fifcm the point 0 will be equal to the 
distance of the piston from the middle of its stroke when the 
crank lies along that chord. 

The double looped curves in full lines are the curves obtained 
by this method. 

If the connecting-rod be infinitely long it is evident that 
instead of the arc, C 3 Dj, we get the straight line, C, D x , at right 
angles to the line of Btroke, and that 0 D a is, in this oase, the 
distance of the piston from the middle of its stroke. If this 
distance be set off along the crank by drawing the arc, D x dL and 
the same operation be repeated for a series of different ‘positions 
of the orank, it will be found that all these points lie on a pair of 
circles drawn with O C, and O C 8 as diameters. These are 
shown by the dotted circles in the figure. 

The effect of the obliquity of the connecting-rod is well seen 
by comparing the curves in full lines with the circles in dotted 
lines. 

In valve diagrams it is usual to negleot the effect of the 
obliquity of the eocentric-rod, because the ratio of its length to 
the throw of the eccentric is generally great, and its effect is 
therefore generally not worth taking into account. 

Another method of finding the relative position of the orank 
and the piston is as follows(see next fig.) 

Draw two lines, at right angles to each other. 

From their intersection, 0, with radius 0 0, equal to the length 
of the orank, describe the inner or crank pin circle. With 0 as 
a oentre and 0 P x as radius equal to the length of the connecting 
rod, desoribe the oirclj Pj P 2 P 8 P 4 . With 0 as a* oentre and 
OjlPg as a radius, describe a circle; again, with the oentre, 0, 
and radius, 0 p n describe the large outer circle. 

Now, suppose the crank to be fixed in the position, O 0, and 
the oylinder to revolve round the oentre, O, in the direction of 
the hands of a watah, as indicated by the arrows, then the con¬ 
necting-rod (which is supposed for the purposes of explanation to 
be connected directly to the piston) will cause the piston to move 
inwards during the first halfj and outwards during the Second 
half of the revolution. The positions P 1? P„ P 8 , and P* represent 
tne piston at 0°, 00°, 180°, and 270* of the revolution. Fcatany 
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vxi» large ouver circle auu 
inn» cirole of radius, 0 P, indicate the distance of the piston 
Jrew the enter end of the cylinder \ for the path of the piston lies 
p3k the line of the circle P p Pj, Pg, P 4 . Precisely the samei. 
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Relative Positions of Grans and Piston. 
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LECTURE XIV. 


Cause of the Unequal Distribution of Steam during the Forward 
and the Bach Stroke of the Piston. —If the connecting-rod 9 of an 
engine was infinitely long (and therefore remained always parallel 
to the centre line of the piston’s motion), the point of “ ciit off,” 
and consequently the distribution of steam, would be equal at 
both ends of the oylinderj but when the length of the connecting- 
rod (as usually adopted in practice) is only from 2 to 4 times the 
length of the crank, the distance to the point of “ out off” is 
considerably later on the forward stroke than on the return or 
back stroke. 

An explanation of the following two diagrams will render this 
quite evident. 

Firstly. Consider a case when the Blide valve has “ outside 
lap ” only, and no “ lead.” 

1. Draw a centre line of the piston’s motion, 0 8 , to 10. 

2. With any convenient position, O, as a centre and radius, 
O CL equal to the length of the crank, describe a circle, QjGjCjCj, 
and let the orank revolve in the direction shown by the arrows 
on the orank pin circle. 

3. With centre 0 lf and radius equal to the length of connect¬ 
ing-rod (in this case = 3 cranks), describe an arc, cutting the 
centre line of engine in the position 10 furthest from O r With 
centre, Og, and the same radius, describe another arc, cutting the 
same centre line in position 10 nearest to CL Then the distance, 
0 to 10, is equal to the piston’s stroke. This distance may be 
conveniently divided into ten equal parts both above and below 
the centre line, so as to indicate percentages of the stroke during 
th % forward and back strokes of the piston.* 

4. With centre, 0, and radius equal to the throw (or eccen¬ 
tricity of the eccentric), describe the inner small circle M E / E 4 . 

46. From O plot off a distance, O L, equal to the outside lap of 

the slide valve, and draw through, L, the line, E, L E 4 , at right 
angles to the centre line of the engine. From O, draw radial 
lines, 0 E,A and OE,B, cutting the crank pin circle in A 
and B, ana join A B.‘ Then, since the slide valve has no “lead," 
.‘lO E/ is the centre line of the eccentrio when the crank is in the 
position 0 C 1} and the eccentric turns round from the position 
0 E, to the position O E 6 , in the operation of moving the slide 
valve during opening and dosing the back steam port; oonse- 
quently, the crank must turn through an equal angle during 

* Of course the positions 10 and 10 are in reality the oentre of the oross- 
head at each end of the stroke in ordinary engines having a crank and 
* oonneoting-rod. To inolude the length of the piston-rod woflld extend the 
figure beypnd the limits of the page. 



Unequal Distribution of Stram during the Forward and Back Strokes of the Piston, due to 
Length of the ConnecAing-Rod, when the Slide-Valve has onlt Outsidb Lap. 


' TOEQ&kti DISTRIBUTION OF STEAK. 
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this operation, an angle equal to A 0 B. The V angle of 
advance ” of the eccentric is indicated by < 6 >. 

6. With centre, CL and radius, A B, describe an arc, Patting 

the prank-pin circle m 0 2 , and join 0 and O s by a thick line. 
Then, 0 O s is the position of the crank when steam is cut off 
from the cylinder, i.e., when the centre of the eccentrio pulley is 
intheposition E*. * 

7. With Oj as a oentre and radius equal to the length of the 
connecting-rod, describe an arc cutting the centre line of the 
engine in 0 H (cross-head), nearly midway between positions 8 
and 9, above the line, thus showing that steam is cut off at about 
85 per cent, of the stroke during the forward movement of the 
piston and crank. 

8. With 0 3 as a centre and radius, A B, describe an arc, cut¬ 
ting the orank-pm circle in 0^ and join 0 and 0 4 by a thiok 
line. Then O C 4 is the position of the crank when steam is cut 
off from the oylinder during the back stroke of the pisfon. 

9. With 0 4 as a centre and radius equal to the length of the 
connecting-rod describe an arc cutting the centre line of the 
engine in 0 H, nearly midway between positions 7 and 8, below 
the line, thus showing that steam is out off at about 75 per cent, 
of the stroke during the backward or return movement of the 
piston and crank. 

Secondly. Consider a similar case in every respect to the last, 
except with “ lead ” as well as “ outside lap ” given to the slide- 
valve. 

Perform precisely the same construction as before, with this 
addition, viz., that ON is equal to the lap O L, plus the lead 
L N; consequently, 0 E, is the centre line of the eccentrio when 
the crank is in the position O 0,, and O E u the centre line of the 
eccentric when steam is cut off during the forward stroke. The 
eooentric therefore turnB round through the angle A O B while 
the crank turns from O C x to O C 8 , and the piston moves from 
tition 0 to nearly midway between 7 and 8 abbve the oentre 
e of engine, as indicated by the letter 0 H. 

On the return or back stroke the crank turns from OC 8 to 
0 C*, while the piston moves from 0 to a little beyond figure 6, 
below the centre line. Steam is therefore cut off at about 75 per 
, cent, during the forward stroke, and 62 per cent, during the baok 
stroke, as against 85 and 75 per cent, when no lead was given to 
iihe' slide-valve. 

Fixing Forward and Backward Eccentrics.—In large marine, 
locomotive, and other engines, the “ forward " and ka^k driving 
eccentrics are often fixed in their permanent posmaagsm the 
' : * before the crank » fitted info its beari|®E The 



„by which their proper position is ascertained 
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to their own crank will be readily understood from the foregoing 
diagrams and explanation, and by also considering the small 
figure to the left hand side of the last diagram. 

Fix the crank in a vertical position, and place on the orank- 
shaft a wooden or sheet-iron template, with the upper edge level, 
having previously drawn upon it the centre lines of the “ for* 
ward” and “backing” eccentrics, by the rule just described 
for lap and lead. Now mark on the crank-shaft with a /y box- 
square the centre lines of the feathers for fixing eaoh of the 
eccentrics, and line off the outline of these feathers where they 
are to be sunk (parallel to the crank-shaft). Previous to placing 
the template on the crankshaft, a semicircular hole has of course 
been cut from it to fit the crank-shaft. This handy method 
saves all the time, trouble, and expense of temporarily putting 
the crank-shaft in its bearings and fitting together the connect¬ 
ing-rod, piston-rod, piston, ecoentrio straps, ecoentric rods, and 
slide-valve, then turning the whole engine and ascertaining by 
trial the best position of the eccentrics (which was quite-commonly 
done until a few years ago), and then disconnecting the whole in 
order to get the feathers sunk in the crank-shaft for keying on 
the eccentrics in the positions that had been ascertained by trial 
and observation. 

Zeuner’s Diagram of Simple Valve Motion.— Of the problems 
relating to the motion of a slide-valve, the case most commonly 
reourring in practice, is that in which we have given the position 
of the crank at the point of cut-off, the travel of the valve, and 
the amount of lead, and have to determine the angular advance 
of the eocentric and the amount of outside lap required. 

With centre O (see next figure) and radius equal to the throw 
of eccentric or half-travel of the valve, describe the oirole 
ABODE, and through 0, draw X T and X x Y x at right angleB 
’to each other. From O, draw 0 B, to represent the position of 
the crank when the steam is to be cut off; this is determined 
by means of the previous diagrams. With X as centre, and 
radius X Y, equal to,the lead of the valve, describe part of a 
'circle, and from B, draw B F, touching this circle. Through O, 
a raw A D at right angleB to B F. 

bn O A* and OD, describe the valve circles ALG and HKD. 
These are sometimes termed the “primary” and “secondary" 
valve circles respectively. With 0 as centre, describe the oirole 
- PM^TG, touching the line BF at the point N. This oirole is 


* The line 0 A would be the centre line of, an ecoentrio for the crank 
in the position 0 Y, and going backwards or opposite to the direction of 
the arrow in the figure, v while the angle AOXi, or 0, would he thAangle qf 
advance for that ecoentrio, ' 
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known as the outside lap circle, 0 M being equal to the outside 
lap, and M X equal to we lead. 



fa Diagram of Valvb Motion. 


If the position of thf* crank at the point of compression or th$ 
point of release is given, draw O B or 0 0 to represent onrf of 
these,where this line outs the valve circle, HKD,describe 
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a circle with centre 0 to pass through that point. $he radirfs of 
this circle gives the amount of the inside lap. 1 

Having now completed our diagram, we can see the distance 
the valve has moved from its central position for any position of 
the crank, and also the opening of the port to steam at that 
point. Suppose the crank to be in the position 0 Q, and moving 
in the direction of the arrow, then the distance which the valve 
has moved from its central position is given by 0 R (or that por¬ 
tion of the line which is included within the valve circle AL 6)] 
and Bince the outside lap of the valve is equal to 0 S, therefore 
the opening of the port to steam is equal to RS. When the 
crank reaches the position 0 A, the port has its maximum open¬ 
ing equal to AN. As it passes position O A, the valve begins 
to close the steam port; and when it arrives at 0 B, the steam 
port is closed altogether and the steam cut off. Therefore we 
see that, when the crank is in the position 0 F, the valve is just 
beginning to open the steam port; and when it reacheaHhe dead 
point OX, the steam port is open an amount = LM = XY = the 
lead of the valve, which equality is easily proved by geometry. 

When the crank reaches the position 0 0, the valve has passed 
its middle position, and is distant from it on the other side an 
amount equal to OK; and as this is equal to the inside lap of 
the valve, therefore the exhaust port opens, and release takes 
plaoe at this point. As the crank passes the position O 0, the valve 
continues to open the port to exhaust. Thus, when the crank 
arrives at O Y, the valve has moved from its central position a 
distance equal to 0 T; and, since 0 U is the inside lap, therefore 
the port is open to exhaust an amount equal to OT - OU =«T7T. 
If WZ represents the width of the port, it is evident that, when 
the crank reaches the position OD, the valve has travelled 
beyond the port a distance equal to Z D, and, therefore, if the arc 
a b be drawn through Z, it is apparent that, during the motion 
of the crank from b to a, the port remains full open to exhaust. 
When the crank comes to the position OE the port is completely 
dosed to exhaust; add, since the piston is not yet at the end of 


raffia 
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e shaded part of the upper or primary valve circle, represents 
the opening of the port to steam for different positions of the 
♦rank; ana when the line representing the position of the c rank 
tu^s the shaded part, it indicates that the port is open to Steam, 
by an amount equal to that portion of the line induded between 
tne two bounding curves of the shaded part. Similarly, the 


Similarly, thi 
represents thi 


4 



% ojugsftfr* w.u>* y*i,vfcj. T 

usual to open ^a^ports fally *» *f«w», M explained at the be¬ 
ginning of this Lecture, hence no line corresponding to a 6 
appears in the upper valve circle. 

The student should work out a few examples, in order to 
impress the construction on his memory; for, if once the principle 
of the diagram is fully grasped, no difficulty will be found with 
any of the various problems relating «to the motion of the slide 
valve. * 

Fdr example, given the travel, the lap, and the angle of advance, 
to find’the point of cut-off, the lead, etc., draw the circle, 
A B 0 D E, to represent the travel, as before ; also the outside lap 
circle, P M N G, and making the angle 6 equal to the given angle 
of advance, draw A D to represent the centre line of the valve 
Circles. Describe the valve circles as before, then we see that 
when the crank is in the position 0 X, the valve is open an 
amount equal to L M, therefore L M is the lead of the valve. 
Through J^he point G, where the valve circle cuts the lap circle, 
draw 0 B, then 0 B is the position of the crank at the point of 
cut-off. 


Or, suppose we are given the travel, the lap, and the lead, and 
are required to construct the diagram and to find the angle of 
advance and the point of cut-off. Having drawn the circle, 
ABODE, representing the travel, lay off 0 M equal to the lap, 
and M L equal to the lead of the valve. From L, draw L A 
perpendicular to X Y j then the angle, A 0 X., is the angle of 
advance, viz, 6, required. With centre, 0, ana radius, 0 M, de¬ 
scribe the outside lap circle, and on AO describe the valve circle 
as before. These circles intersect m G Through G draw 0 B, 
then O B is the position of the crank at the point of cut-offi 
Under the diagram of the valve motion we have given the 
probable indicator diagram, showing the admission, cut-off, release, 
and compression, taking place at the proper points of the stroke, 


Formula for Ordinary Slide Valves.— In the remaining portion of 
this Lecture we purpose finding algebraical expressions for the more im- 
portant relations connecting the various quantities in the ordinary slide 
valve. We have already shown how, on obtaining sufficient data, these 
quantities can be readily found by means of a Zeuner’s valve diagram. This 
latter method, although very instructive and accurate, requires the use of 
a drawing board and chawing instruments. These are not always at hand; 
henoe v for the benefit of those engineers and students who can manipulate 
simple algebraical and trigonometrical formula, we shall deduce by mathe¬ 
matics the more important relations conneoting together the “lap,” “ lead," 
“ travel of valve," " out off/’ do. 
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In what follows :<—> 

l4t T represent the travel of valve in inches, 

»t I jo it “outside lap” fl 

t» Li 9f “insidelap” „ 

t» *o tt “outsidelead” „ 

it & t» “insidelead” „ 

it S „ stroke of piston in feet. 

tt * n distance from beginning of stroke to point of out 

off in feet. 

tt 9 = angle of advance of eccentric* 

it X 5 = angle of lead—■». e ., angle which centre line of crank makes 
with centre line of engine when steam is just being 
admitted to cylinder. # 

tt •• = *ugle that crank moves through from beginning of stroke 
to point of cut off 

h % = angle that crank moves through from beginning of stroke to 
point of release of steam. 

tt *c ■ angle that crank moves through from be ginning of stroke 
to point where compression begins. 



•rhere the larger circle, Oi C s 0«, represents the 
smaller circle, a c the eocentrio circle’ .£*i* 


ZcOBi =«s 4 Ei.OE$ as ZQlOO| 


rofinurus fob’ obwnaBt slide valves. 


187 


Now, we We already seen, in this lecture, that Ex is the position of the 
centre of the eccentric when the piston is at the beginning of Its stroke, and 
Eg is the position of the centre of the eccentric mien the steam is cut oft 
Let Cg be the position of crank pin when cut off takes place, then— 


^EjO Eg = L Ci 0 Cg = % 

Also ZcOEx + ^Ex 0Eg + z EgOd s 180°{ 
But zEgOd = L cO E 6 = 0-X, 

.% 0 + »* + 0-X = 18O\ 

i'» 2 0 + u>x “ 1 = 180° • • • 


. Now = cos z E x O N = sin Z c 0 Ex = sin 0, 

• L o + lo _ . a 2 ^ 2(L o + lo) _ a 

• • — sin 0, % .e*,-jj-— sin 0, • 

Similarly = sin (0-\), sin (0-X), . 

But, from equation (1) we get— * 

0-\= 180°-(* + “»),sin (0-X) =. sin (0 + •»). 
Substituting this in equation (3) we have— 


U). 

( 2 ). 

( 3 ). 


2 ho 

T “ 


sin (8 + »»), 



When the steam is released let the crank be in the position 0 0*, then 
zCiOC t = « r 

First, suppose the valve to have no “inside lap.” In this case the steam 
will be released when the valve is passing its middle position on its return 
stroke, when the centre of the eccentric is at d. 


.\ « r as ZCxOCg= ZEiOd as 18O°-0, . . (5). 

Next, suppose the valve to have “inside lap” = 1* The release will 
then be delayed until the valve has moved past its middle position a 
distance = In. From 0 set off a distance, 0 M, along 0 a = hi, and from 
M draw M Eg JL 0 a, meeting the eccentric circle in E 8 - Then Eg is the 
position of the centre of the eccentric when release takes place. 

Hence ** zCx0 Cg — zEx 0Eg = z ExOd + z d 0 Eg = 180° 

where a = zdOEg a=sw r + 0 - 180°, • • (0). 

O M 

Now q~jt ~ cos z Eg O M = sin a, 

^ = Bin (-, + 8 - 180"), or m - sin (-, + 8), . (7).’ 

The “inside lead,” or the amount the port is open for exhaust when the 
piston is at the end of its stroke, is shown on the valve diagram, p. 183, by 
the line U T. To find the position of the centre of the eccentric when the 
piston is at the end of its stroke. Produce Ex 0 to meet the eccentric 
circle again in E 4 , then E 4 is the required position. From E 4 drop the 
perpendicular E 4 K on the line O a. Then “ inside lead ” r 

**k »OK- OM* tfTstnztfOEg-I* »*Tsm0-L* 


» sin 8, 


(8), 



* «' 


wore BE XIV, 


3 W 


ttftffc Equation* (3) and (8) we see that 

I* + «, - le + k . 

which is also evident from the Valve diagram, p. 183. ' ''* 

Next, let us find the position, OC 5 , of the crank when compression 
begins. If the valve had no ” inside lap,” then compression would take 
place*when the valve was in its middle position and moving in the opposite 
direction to that of the piston. Hence compression would take place ,on 
the return stroke when tne Centre of the eccentric was at c. # It is, there¬ 
fore, evident that the crank would then make an angle, 8 , with the centre 
line of engine—Ae., when there is no “ inside lap ” 

L Ci 0 C 5 — $• 

If, however, the valve has “ inside lap,” then compression will begin 
before the valve comes to its middle position. Produce E$M to meet the 
eccentric circle again in E 5 , then E* is the position of the centre of the 
eccentric when compression begins. 

. *• L Ci 0 C 5 = L Ei O E 5 = S + a. 


*o = 360°-(* + *)> .... (10). 

Let us now find a general formula connecting together the"" lap,” “ lead,” 
11 travel of valve,” length of stroke of piBton, and distance to point of 
cutoff. 

From Cg, the point of cut off, drop the perpendicular C* P on Ci C 4 , 
Then (neglecting the obliquity of the connecting rod)— 

Oi P -■ a?, 0 P =» Ci P - 0 Ci = « - } S, 


* 


OP 


“ d oc 3 

• is 


=s COS L C* 0 C 4 = COB (180° -*»)=- 008 ««. 


S — 2a? 

- cos w®, or cos * 0 SB —g— 


But cos ** = 1 - 2 sin* sin* ^ = 


1 - 00 s "m _ x 

2 ~ s • 


(11) . 

( 12 ) . 


In a similar way, if y = distance from beginning of stroke to point of 
release, we can show that— 

8in>| = | .... (13). 

From equation (1) we get— 

^5= 9tf* - 0 +008 sin (0 - 

and from equation (12), we get— 


= 1 -I) 

Now, bisect L E x OE 4 by the line OE, and from E draw EHlOi C 4 I 
thou l> c 0 B » 0 — ■g*. 

d - ‘Since must be a very bmall angle, the perpendicular, 
exa < |l ybisect LN% OH* ^ 





We ehall now apply the results we have arrived at to the solution of one 
or two examples To enable us to solve these examples we must have 
recourse to *a table of natural sines, cosines, &o , which will be found in 
boohs on logarithms and most pocket books of formulae, or at the end of 
this Text book. We may here collect together the results we have amved 
at for the sake of reference 


2 0 4* \ 

2(1*+ k) 
T 

21 * 

~ T 


2 L, _ 
T “ 

2 ( 1 * +k) 

T 

1 * + lo = 
»0 = 

oos «* = 


180°,. 

sin Bp • • • • • 

sin • • • • 

sm (B + •« )i . 

180® - B (no 11 inside lap ”), 

180® - (B - a) (with M mside lap M ) 

sin a ss - sin (0 + *r )» . 


sin 0. 


I* + h • 
360®-(* + «h 

S-2a: 

S • * 


■■“T 1 




(1) . 

( 2 ) . 

(3) . 

( 4 ) . 

(5) . 

( 6 ) . 

(7) . 

( 8 ) . 

( 9 ). 

( 10 ) 

( 11 ). 

( 12 ). 

(13) . 

(14) . 


tf.B .—In using the above formula it must be remembered that the 
obliquity of the connecting rod and eccentno-rod are not taken into 
eooount. 


Hare T = 5 ins , L, = $ in , L< = i ii 

’q^pad poeitwn crank at admission. 

(3) tre get— 

sin(d-X) *—* 8 * 


t in., 6 =» 20*, 


* \} 
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Referring to a table of natural sines we see that '3 is the sine of an angle 
of 17° 28 , 

sin {0-\) = sin 17°28';or0-\ = 17* 28', and X = 20*-17*28' * 2*82', 

ie., the crank makes an angle of 2 s 82' with centre line of engine when 
steam is admitted. 

(b) To find position of crank at, cut off. From equation (1) we get 
», = 180"- 20 + X.= 180 9 - 40° + 2°32' = 142 8 82'. 

(o) To find position of crank when steam is released. From equation (7) 
we get 

sin (« + -,) = -= -'1333. ' 

Now the angle whose sine is - *13 must either be - T 40* or 180* + 7° 40* 
m 187° 40'. But 0 + » r cannot be negative, therefore we must take the 
other value. *1 

0 + » r - 187° 40', and •, = 167° 40'. 

(d) To find position of crank when compression takes place . From 
equation ( 10 ) we get 

4 * 9 = 360° - (0 + o); 

and from equation ( 6 ) we get 

a = » r + 0 - 180° = 167° 40' + 20* - 180* = 7° 40's 

Substituting this in the last equation, we get 

a,o =■ 360° - 20 ° - 7°40' = S3 2T2fy t 

or compression takes place when the crank makes an angle of 27° 40' with 
centre line of engine. 

Example 2 .—Given the “ outside lap ’ 1 = 14 in., “inside lap” = | in., 
M outside lead ” = J in. Length of stroke of engine = 4 ft., cut off at f of 
stroke. Find ( a) the "travel of the valve," ( 6 ) the “angle of advance," 
(c) “ inside lead , 19 ( d ) distance to point of release, («) distance from 
beginning of Btroke when compression begins. 

Here Lo = 1J in., L« = i in., l 0 = \ in., S = 4 ft., x » f x 4 rs 24 ft. 

(a) To find the “ travel of the valve.” From equation (14) we get— 

— i-ew}. 

...St,* j,.(i>L*±i)’}, 

* _ 25 _ . . 

T = 7 = = 5*1 ms. 


(b) To find "angle of advance." 

ain0 « 



From equation (2) we get— 
2(L» + U) 

T . 

6*1 • 


- 6872, 

• A _ SQ« Sift' 
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(o) To find the “ inside lead,” From equation (9) we get— 
Li+ii=Li+^ 

(d) To find distance to point of release from beginning of stroke. From 
equation (13) we get— 

!/ = sin* ^ 

S mn 2 ~ 2 1 

Also, from equation (7) we have— 

sin (0 + »r) = - ^ = - ?g^i = - '098 = sin 186* 38'. 

« r =» 185° 38' - 39° 36' = 146" 3'. 
cos to r = - cos (180° - 148° S') = - cos 34° nearly m - *829. 

y = 4 x L1 lJ 29 = 8 . 66 ft 


= 8*66 ft. 


(e) Toma distance of piston from beginning of stroke when compression 
begins . Referring to our figure (p. 186), draw C* R JL 0 Oi. Then CiR 
is the required distance. 

Now, CiR=0Oi - OR = J 8 — J3 cos L OxOC 5 = 48 {l — cos(J+*)}« 

And a a= « r + e - 180*.equation ( 6 ). 

.% 6 + a s » r + 20 - 180* = 146* + 79* Iff - 180°, by (b) and (d), 

= 46*10'. 

Cl R = 4 S {1 - cos 46* 10'} = 2 {1 - 705} ft. = *69 ft 


Example 3.—In a steam engine the cut off takes place at ( 7 of the stroke, 
the angle of lead is 6° 9', the width of the steam port is 14 ins., and the 

steam port opens ^ of its area. Find by Zeuner’s diagram (neglecting 

obliquity) the travel of the slide, the angle of advance, the outside lap, 
and the outside lead. What would be the amount of inBide lap neoes* 

6 

sary to produce cushioning after ^ of the stroke has been performed? 


(S. and A. Hon. Exam., 1888)—cos 66° 26' = *4; cos 69* 62' = *602. 

This question is evidently intended to be solved partly by calculation. 
In an examination tables are now allowed to be used, and therefore it will 


be interesting to solve, with the data given, how this question may be 
answered. 

Draw the two axes, X O Y, Xi O Y lf at right angles to each other. 
With O as centre desoribe any circle xby. Divide x y into ten equal parts. 
From the seventh point of division, measured from x, draw 7 b xx y 9 
meeting the cirele in 6. Join O b and produce it. The line O b represents 
the powiapn of the crank when steam is cut off; From O draw O f below 
O X, making I X Of as X 6° 9' = angle of lead. Biseet L f O b by the 

line Oo. Then La OXi m $ as angle of advance. This is about all the • 
length We ea&'go, with the construction in the meantime. .We may, 
however, take our protractor end measure the angles $ end m (» L a 06). 
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W* Mfri now toy and. find either the outride Up of the tr#Vel of the reive, 
Sfcoe the^id^ of iSe s^am port is H ins., and th 


the tmmm opening tt 



T = 2 (Lo + max. opening for steam), 
= 2 (Lp + *), 

rhere k » max. opening for steam = 1^ ins. 


• • 


2L, 2jfc 

X ~ 1 ~ T ’ * 


(«). 


2L» 


But = (0 + *»), equation (6), and 0 * 90* - ** x ~ /v , equation (1). 


-X 


^-8m(90* + “^)=cos^. 


* 

Substituting this in (a), we get 

008 


I 


* \ 


vt > 


' rOEMDL* FQ8 obbutaby SMC* VALTBJ. 

Now we know tha^X = 6° S', and we can now prooeed to find m. 
•quafion (11), *e ba*e * 

C08Wi = ^2 * = l _-2x -7 = -, 4 


in 

From 


Heooe from data given in the question, we see that 

»« = 180° - 66° 25' = 113* 35' > 

cos = cos 1130 35 ' ■ cob 59 * gy » •6031 

’ Ss 2 

as given in question. 

Substituting this in (/3), we get 

•502 = 1 - ^ T = = 4-26ins. 


With centre 0, and radius ** 2*13 ins., describe circle X Yi Y, outting 
0/, 0 b, and 0 a in F, B, and A. Join F B, cutting 0 A at right angles at 
N; then ON is the outside lap. With centre, X, describe an arc of a 
circle tangggjb to F B; then the radius, X Y, of this circle is the outside 
leadj or the outside lead may bo got from M L. To find the amount of 
inside lap necessary to produce cushioning after f of the stroke has been 
performed. Divide XY into 7 equal parts, ana from the first point of 
division next X, draw the perpendicular downward to meet the oirole 
in E. Join 0 E. Then 0 E is the position of the crank when compres¬ 
sion begins. Let E out the valve circle, 0 D, in H. With centre, 0, and 
radius, OH, describe the circle, HWU. The radius of this circle gives 
the inside lap. Since E H cuts the circle, 0 D, at a very small angle, it 
may be difficult to find the exact point, H, of intersection. This, however, 
can be easily overcome, remembering that the angle in a semicircle is a 
right angle. FromD, draw DH1EO, the point of intersection, H, is 
the required point. 
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t * Leotttoe XIV.—Qpestiohs. * <. > - • - 

a ? *y# p 

j L Sketch an eccentric and deeoribe the several pafrtfl* What is tbp 
btgqw of an eccentric? Upon what does the amount of throw depqndl 
What is the angle of advance ? 

% What is the lap of a slide valve? Draw a section of a simple slide 
valve and ports, showing the valve (1) without lap, (2) with lap. For what 
purpose is “ lap ” given to a slide valve ? * 

3. What effect is produced by putting lap on a slide valve? The lap on 
the steam side of a slide valve is 14 inches, that on the exhaust side Is J 
inoh, and the lead is £ inch. Find the opening for exhaust which the valve 

f ives at the lower port when the piston is at the top of itt stroke. Ana. 
I inch. 

4. Make a diagram showing a crank going backward, or opposite to the 
bands of a watch, and mark on the crank circle the points ox admission, 
cut-off, release, and compression. Draw the probable curve of pressures 
underneath of a non-oondensing engine showing the atmospheric line. 

5. In a direct-acting horizontal engine the lengths of the crank and con¬ 
necting-rod are 1 and 6 feet respectively. How far is the piston from the 
middle of its stroke when the orank is vertical? Ana. 1*23 inch. 

6 . Tak 

of the eonneotinj 
travel of slide 

7. Given that the travel of a slide valve is 5 inches, outside or steam lap 
} inch, and the angle of advance 224 °, find graphically the position of the 
prapk at the point of cut-off Ana . 140° from dead centre line. 

8 . In a direct-acting non-condensing engine let the crank be on the back 
dead centre. Sketch the slide valve and ports, marking the lap and lead. 
What is the object of putting inside lap to valve ? 






ms. 


»» 


Ana 


a = 4° 3'. 

*» = 114° 3'. 
** = 148° 16'. 


»e 

u 


28* 16'. 
*28 In. 


■1 


Ana 2*7 inches. 

Travel of valve = 8 
Outside lap = 2 
Inside lap = 

Angle of advance = 

Find the points of admission, cut off, release, and compression, and the 
amount of lead by a Zeuner’s diagram. 
k/11. Given- 

Outside lap s 14 inch. Ana. T = 6 ins. 

Maximum opening for steam = u „ l 0 «*25 ,, 

Cut-off at A of the Btroke. B » 37°. 

ine the travel of valve, lead, and the angle of advance. 

Given. 

vel of the valve = 44 inches, 
tside lap as 1 

ride lap » i 


fratermi 



If 

It 


Ana. 3“ 36}'; 56* 23*'; 28*37*'} 
36*22}'. * 

These angles are measured from 
the dead centre* line. 


•Kad the, positions of the crank at admission, cut-off, release, and compre*. 
slop, Ujso the lead of the valve, ' * , 

“ 4 horisontal engine Is constructed with; a three-ported or 
re and single eooentrio for cutting off the steam at h “ 

L ' wd you al teethe working 
of a stroke} .Explain * 
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m and ^Y during a 
L is of infinite length oi 


meeting-rod is of infinite length or remains parallel to itself, How is this 
diagram altered when a definite length is assigned to the oonneoiing-rod? 

15. The crank of an engine is 3 feet 6 inches, and the oottnectmg-rod 
9 f^t long. Find the angle whioh the crank makes with the vertical 
when the piston is at half-stroke. A ns, 11° 12' 44". 

16. Explain the effects produced by putting outside and inside lap 


inches, the lead is & inch, and tne greatest opening tor steam 18 . 1 $ inches! 
what is the tmrel of the valve, and how far is the valve from its middle 
position’when the piston is just beginning its stroke? Ans, 6J ins.; 1§ ins, 

17. The length of crank is 14 rnohes, the slide-valve has half-travel of 2£ 
inches, its lap is 1£ inches, and its lead i inch. At what distance from tho 
end of the stroke will the piston be when the steam is out off, if the angu¬ 
larity of the connecting-rod is neglected ? Prove that the Zeuner diagram 
gives correct answers when the motions are simple harmonic. (S. £ A., 
1897, Adv.) 

18. A link motion works a slide-valve; outside lap, 0*6 inoh. By shift¬ 
ing the gear we get the following:— 


Half-travel, . 


Angle of advance. 


2*50" 



2 -ur 

1*70" 

40° 

61° 



Find in eaoh case the positions of the crank at admission , cut-off, release, 


19. Prove the correctness of the Zeuner valve diagram. A valve has an 
outside lap 1 inoh, inside lap 0*3 inoh. It is worked bv a gear giving, in 
two positions, the following values of the half travel ana advance s— 


Half-travel,. 

312" 

2-12■ 

Advance, ...... 

30° 

61* 


If the connecting-rod is five times the length of the crank, find the points 
of cut-off for both ends of the cylinder in Doth cases. What sort ox gear 
might ffive the above conditions? (B. of E., 1900, Adv. and H., PartX) 
20. Steam is admitted to the cylinder of a double-acting engine at 80 lbs, 
per square inch. The back pressure is 17 lbs. per square inch. Hie 




cfc per cabin foot of steam, taking “pv constant ” as the law of 
m Neglect clearance, cushioning, and condensation. If you use 
for the average pleasure, prove it correct. (B, of H., 1900* Ifcf ' 
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1 inch, inside lap 0*8 inch, draw a passible indioator diagram. Prove your 
valve diagram to be oorrect. (B. of E., 1901, Adv.) * 

22. The stroke of a slide valve is 3£ inches, the outside lap is $ inch, 

axid the inside lap is & inch Find the maximum opening of tne port to 
steam, the angular advance (the lead of the valve being A inoh), and the 
piston positions at cut-off, release, and when compression begins. You 
may neglect the effect of the obliquity of the connecting-rod. (C. & G. t 
1901, 0., Sect. O.) . 

23. The travel of a D-valve is 3 inches, and the angular advance is 30% 
Find the outside lap, so that the lead may be ^ inch, and, neglecting the 
obliquity of the connecting-rod, find the position of the piston at the point 
of out-off. Sketch the valve. (C. & G., 1902, O., Sec. O.) • 

24. A slide valve has a stroke of inches, a lead of £ inoh, and a lap of 
1£ inches: determine by construction at what point of the piston stroke 
the valve opens, shuts off steam, and opens release. Neglect effects due to 
Dbliquitv of connecting-rod. (C. & G., 1902, O., Sec. 0 ) 

25. Sketoh a simple slide-valve showing cylinder ports and no more of 
the cylinder; show the valve in its mid position. Show in dotted lines 
the position of the valve when the piston has just begun its stroke. What 
do we mean by outsidelap of a valve, inside lap, advance, and half-travel? 
The half-travel is 3*36 inches, advance 42°. What simple diag*&m enables 
us to find the distance of the valve from its mid stroke for any position of 
the main crank? Prove it correct. Having Buoh a diagram, we obtain 
the openings of the port to steam or exhaust by subtracting the outside or 
inside lap; explain how this occurs. (B. of E., 1903, Adv. and H., Part i.) 
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LECTURE XV. 

\ 

Contents. —Actual versvs Ideal Conditions and Behaviour of Steam in the 
Cylinder of a Steam Engine—Loss of Pressure and Temperature, with 
Condensation, between Boiler and Engine Cylinder —Initial Condensa¬ 
tion in the Cylinder—Devices for Reducing Cylinder Condensation- 
Steam Jacketing as a Preventive against Initial Condensation 
—Superheating as a Preventive against Initial Condensation— 
History of Superheated Steam—Prof! Ewing’s 1899 Trials on the 

^ Schmidt System—Prof. Watkinson’s Superheaters—Imaginary and 

* Actual Steam Expansion Curves—The Real Benefits of Superheated 
Steana* Steam Separator s—Effects of Clearance—Compression or 
Cushioning—Causes why Compression does not Return the Work Spent 
on it—Lead—Wire-drawing—Release—Compounding—Questions. 

Actual versus the Ideal Conditions and Behaviour of Steam in 
the Cylinder of a Steam Engine.—In Lectures XII. and XIII, 9 
ideal, perfect, or imaginary conditions of the action of steam and 
of a gas doing work in a cylinder were considered. In Lecture 
XIV. the distribution of steam in a cylinder was dealt with, as 
effected and affected by the ordinary eccentric, slide valve, crank, 
connecting-rod and piston. Now, .we have to consider:— 

(1) In what condition ordinary steam from an ordinary boiler 
arrives at the engine stop valve, and how it is affected by its 
admission therefrom into the valve casing and the cylinder. 

(2) How the steam behaves up to the point of cut-off, during 
expansion, release, exhaust and compression. 

(3) How far the losses due to conduction, radiation, wire¬ 
drawing, clearance, and initial condensation are preventable, and 
what are the supposed as well as the atfbual benefits derived 
from high speeds, superheating, and from compound expansion 
in two or more cylinders. 

Loss of Pressure and Temperature, with Condensation, between 
BhUer and Engine Cylinder.—Suppose that a boiler is capable of 
generating plenty of dry steam to keep an engine going con¬ 
tinuously at its full normal load, then, if the steam pipes 
connecting the boiler and engine stop valves are short, straight, 
of suj hpi ent size, and#well-lagged with good non-condnoting^ 
mate^W^^e drop in pressure and corresponding temperature* 
befcweeiPlwe koil®* ana the cylinder side of the stop valve, as 
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Whsur^d^ y tW© 'accurate steam gauges and thermometers, 
"sfabuld ? not exceed 2 per cent. It, however, often happens^ due 
either to too long or too small or imperfectly covered steam 
pipes, with perhaps saperal sharp bends, that the fall of pressure 
between a boiler and an engine stop valve exceeds 10 per cent,, 
due to wire-drawing and friction. This mere "drop in pressure, 
although it represents a direct loss in the potential energy of 
the steam, does not constitute the whole evil. For, undoubtedly, 
if the steam left the boiler as dry saturated steam, without any 


superheat in it, a portion would have liquefied on arrival at the 
valve casing. This very liquefaction bedews or wets the inner 
surfaces of the steam pipe and valve casing, the valve, ports, 
cylinder cover, and piston, thus causing still further liquefaction 
on account of the fact, that steam much more readily condenses 
upon a wet than upon a dry metallic surface. Further, wet 
steam leaks past valves and pistons much more easily than dry 
steam. Oonsequently, by the time that steam with only a 2 per 
cent, drop in pressure has passed from the stop valve into the 
cylinder through large, straight, short ports and begun to do its 
work upon the piston, it will have lost at least other 2 per cent, 
in pressure, and probably 10 per cent, of the weight of steam 
which left the boiler, up to the point of cut-off in each stroke, 
exists as water m the cylinder, even if the valve casing and 
cylinder are well lagged and covered with wood. Whereas, in 
the case of the steam which arrived at the stop valve with a 10 
per cent, drop in pressure, if it has now to pass through long, 
narrow, bent ports, and if the cylinder and valve casing are not 
lagged, it may have lost more than other 10 per cent, in pressure 
and SO to 50 per cent, of the weight of the steam which left the 
boiler dry, may now exist as water in the cylinder at the point 
of cut-off 1 Such a condition of affairs has been in the past of 
only too common occurrence, and it is peifeotly evident, that 
such a mixture of steam and water cannot possibly expand in 
the cylinder, either isothermally or adiabatically. It is, there* 
fore, not giving the good dry steam which left the boiler a 
fair chance to treat it in this crude, unscientific, and un* 


economical manner. 

Qf late, far more attention has been given to this subjeot than 
Was the case twenty-five to thirty years ago. The urgeht 
, demands due to severe local and international competition, for 
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- Simultaneous rapid advance and opportunities of Scien* 
Engineering education, have so oomhinedtQ' produoe^boUe^s, 


pipps<and engines, Wherein steam if generaip&noo* 
acted and ^worked,' that now leave hut 
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application. of steam as a motive power in, the beat up-tordato' 
fwmnples, 4 

Initial Condensation in the Cylinder. *^-For the purposes of 
argument and explanation, let us just suppose that the Steam 
pipes are extra large end short, and that they have beeh well 
lagged with the very best commercial non-conducting material; 
further, that the valve casing and the cylinder are well lagged 
ana covered with wood; also, that the steam ports are short and 
large, and that dry steam is admitted into the valve casing, 
Now, if the cylinder is one belonging to a simple condensing 
engine, its end, into which the steam is being admitted from the 
valve casing, must have been in direct communication with the 
condenser during the exhaust of the previous stroke. Conse¬ 
quently, this end must have been reduced to nearly the tem¬ 
perature of the exhaust steam, because the interchange of heat 
between the working skin surface of the cylinder and the 
exhaustTng steam is rapid. The temperature of the inside of an 
ordinary condenser may vary between 100° and 140* F., accord¬ 
ing to the vacuum and other circumstances, but we shall not be 
far wrong if we suppose, that the surfaces of the piston, oylinder 
cover, and port through which the steam just left this cylinder 
during the end of the previous stroke, had fallen to between 
150* and 190* F Now, if the fresh, dry, entering steam be, 
say, 50 lbs. pressure absolute, its temperatute will be 280* F,; 
and, naturally, the moment that it oomcs into contact with a 
conducting surface of only 150* to 190° F., it will at once part 
with a quantity of its heat with the result, that some of it in¬ 
stantly condenses upon tho surfaces of the Bteam passages, cylinder 
cover, and piston, until these have been warmed up to a tem¬ 
perature somewhere between what they were and that of the 
entering steam. The very fact of these surfaces thus becoming 
wet induces still more steam to condense and Ihe pressure to 
fall further than if they had been dry at the reduced tempera¬ 
ture. This liquefaction is termed “ the initial condensation Of the 
steam in the cylinder It accounts for a large proportion of the 
consumption of the steam in the cylinder of a simple condensing 
engine. 

, * Those who Wish to study this subject thoroughly, should read the - 

-several papers by Bryan Donkin, Jr. j Profs. Dwelshauvers<Dery, Callender 
and Nioolson, Ao.; on “ Cylinder Condensation, with Measurements of tbf 
Temperatures of the Cylinder Walls by Mercury and Platinum Thermo- 
ineters,*’as found in th,e JProc. Inst . O.E., voL xoviii., pp, 260, 254 J veto. 
thtmmi p. 264;4 mcv., p. 263; OX*., p. 323; and <ax*L,pH#7. 

these papers is the most important, beOatfase it refers to* toe 
f PS UBW pqn, end W humy careful thermo-eleetrio measurements,/ 
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Daring the time that this steam is entering the cylinder 
ap to tne point of cut-off^ part of its potential energy is 
being converted into work. If the pressure in the cylinder 
be kept constant up to cut-off, it shows that these initial 
losses are being replenished by fresh boiler steam and the 
drain on that steam by heat from the furnace. 

When cut-off occurs and expansion of the steam really begins 
in the cylinder, still further liquefaction takes place and 
the pressure drops more quickly than it would otherwise have 
done, due to the mere transformation of heat into work, because 
fresh surfaces are being exposed by the piston. This liquefaction 
goes on until the temperature of the liquefied steam exceeds 
that of the steam in the cylinder. Then, re-evaporation takes 
place, and the pressure during the latter part of the stroke 
is kept up higher than it would be, due to the expansion 
of dry steam. Most of this re-evaporation, however, occurs 
during release and the exhaust stroke. This prevents the 
vacuum from being so good as it would otherwise have been, 
had the steam remained dry from admission to the end 
of the Bteam stroke. Consequently, a large portion of the 
heat of the entering steam, which is spent in raising the 
temperature of the cylinder, is uselessly thrown away in 
heating the condenser and creating an opposing back pres* 
sure. 

> Devices for Reducing Cylinder Condensation.— In addition to 
Watt's separate condenser , which is always used in the case of 
condensing engines, the following are the chief methods which 
have been tried for reducing the initial and subsequent con¬ 
densation of steam in the cylinders of steam engines, although 
not necessarily in this precise order:—(1) Steam jacketing, (2) 
superheating, (3) steam separators, (4) reducing the clearance 
surfaces and volumes in the passages and cylinders, and (5) 
compounding. We shall endeavour to discuss these methods in 
this and in the subsequent lectures as fully as the space will 
permit, and give references to the more important papers which 
specially treat on them. 

* Steam Jacketing as a Preventive against Initial Condensation. 
•—To prevent excessive initial condensation as well as the undue 
alternating give and take of heat between the working steam 
and the cylinder surfaces as far as possible, Watt invented a 
system whioh he termed “ Steam Jacketing the Cylinder.” This 
consists of passing steam direct from the boiler into an annular 
Space surrounding the cylinder barrel, argl sometimes into the 
cylinder covers, whioh are made hollow for that purpose^The 
idea was to "keep the oylinder surfaces as hot as possible. Jt, 



fiUPERlEI ACTING AS a VBBVBHTJVB. 


SOI 


however, really requires steam of considerably higher tempera* 
ture than the initial temperature of the entering steam, with 
which to fill the jackets, before it can be of great use, and hence 
the hot air jacket devised by Mr. Edward Field. 41 ’ Still, 
ordinary steam jacketing does materially help to prevent con* 
densation inside the cylinder; and, as we shall see from the 
up-to-date practical examples which are illustrated and described 
further on, that this system is frequently adopted. It is simply a 
case o£ confining liquefaction of steam to the jacket, where it is 
harmless if the jacket is properly drained of both water and air, 
instead of permitting it to take place unduly inside the cylinder, 
where it is highly detrimental and wasteful; sinoe, during the 
admission to and the expansion of steam inside the cylinder of a 
steam-jacketed engine, liquefaction must take place in the jacket 
in order to provide heat for the work being done inside the 
cylinder. 

It is doubtful if Watt thoroughly understood the principle of 
the action of the steam jacket, and for a long time after he 
introduced it, engineers thought that it was simply a case of 
“robbing Peter to pay Paul.” Of course, the surrounding of 
the working barrel and the covers of a cylinder with a steam* 
jaoket does not do away with the necessity for the lagging of the 
cast-iron outsides of the jacket with a good non-conductor. 
The better these are lagged, the more will conduction and 
radiation of heat be prevented to their outer surroundings; 
and, consequently, the more thoroughly will the heat in the 
steam jacket penetrate inwards to the working steam. Besides, 
it ensures a cooler, and hence a more comfortable, engine-room 
if as little heat as possible passes into it. 

Economy Due to Steam Jacketing, —(1) This increases the 
earlier the cut-off. (2) It increases the less the diameter of the 
cylinder. (3) It decreases as the piston speed and revolutions 
increase. (4) It decreases the higher the entering steam is 
superheated. For example, it is of little use to jacket the H.P. 
cylinder of a compound engine when the supply steam is super* 
heated by 200° F. or more. 


# See the Author’s Text-Book on Applied Mechanics and Mechanical 
Engineering , voL i., Lecture VIII., for a description, with his tests, of 
u Iffejd’s Combined Steam and Hot Air Engine.” Field forced hot air 
obtained from pipes situated in the boiler flues into the jacket of his engine 
at an entering temperature of over 574° F., whilst the initial temperature 
of his steam was only 345° F. There was, consequently, a continual trans¬ 
fer of heat from this higher temperature air through the walls of his 
oylip^^^hich effectually prevented the slightest condensation of 

" mdeming smgh'Cylinder engine, the steam 
’.-hour, 
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vfJ^eettag «* a Preventive against Initial Condensation*— 

, |n Xtactarg VJLlLwe explained what was meant by superheating 
steam, We showed there, that if heat be added to dry steam 
its temperature is raised without increasing its pressure, a"d 
the more it is heated the nearer does it approach to the physical 
qualities of a perfect gas. Consequently, if a convenient and 
economical means be adopted of imparting the necessary heat- 
units to steam, which shall ensure not only itB arrival at the 
cylinder in a perfectly dry state, but also prevent initial con¬ 
densation during the time of its admission and during expansion, 
the whole of the troubles of leakage past pistons and valves, as 
vV’ell as the condensation (which we have been discussing), would 
at first sight appear to be overcome. In order to explain how this 
desirable object has not been so easily accomplished, and how it 
happened that its adoption has recently been revived and 
strongly advocated, we shall devote a few pages to the history 
of this subject, to the means by which it is produced, to the 
precautions which must be observed in using it, and to some of 
the current misconceptions regarding its thermo-dynamic pro¬ 
perties and its capabilities. 

* History of Superheated Steam, f— From an early date in the 
use of steam as a motive power, it was recognised, that the 
steam generated in ordinary steam boilers contained more or 
less water in suspension. It was also known, that if this 
suspended water—or priming water , as it is usually called—was 
converted into dry steam, or still better, into superheated steam, 
economy would result in its use in the steam engine. The 
precise physical qualities, functions, and most reliable methods 
of oreating as well as of using highly superheated steam are still 
engaging the Bpecial attention of engineers. 

Although John Payne undoubtedly produced superheated 
steam in his “flash" boilers in 1736, Sir William Congreve 
treated Steam after its formation in a boiler in 1821, and Jaoob 
Perkins produced such steam in 1822, it was not until 1832 that 
(^Trevithick patented and seemed to understand the economy 
^derivable, from the use of superheated steam. We are, however, 
indebted to the investigations of Him for the first really useful 
trials and scientific explanations of its properties, as found in the 

* Popjjhe formula, calculations, and ourves showing the percentage bain 
, duej&jyfe use of superheated steam with different engines, see Index kv 
“Q ph with Superheated Steam.” 

student who desires to study this subject fullv should read a nanar 
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About the same time (1854 to 1864), Mr. B. I\ Isherwood, 
Chief Engineer, U.S. Navy, carried out a series of experimental 
researches to ascertain the comparative economy of steam with 
different measures of expansion, the causes and quantities of the 
condensations in the cylinder, the economic effect of steam 
jaoketing and steam superheating, &c.* 

Mr. John Penn, the well-known marine engineer of Green¬ 
wich* fitted superheating apparatus into the S.S. “ Valetta n in 
1857, and thus saved 20 per cent, in the consumption of fuel. 
Many other eminent engineers followed his example, such as 
Boulton & Watt, with Scott Bussell, for the u Great Eastern 99 
in 1862, thus superheaters for marine engines became more 
or less popular during these 10 or 12 years, t 
The author remembers bearing a hand in pulling out 
somo of^these installations whilst serving his apprentice* 
ship at the Aberdeen Iron Works in 1868, because^ con* 
siderable trouble had been experienced from their pitting 
and corrosion, as well as from the difficulty of lubricating the 
pistons, slide valves and their rods. Although the pressure of 
steam did not exceed 20 lbs. by gauge at that time, yet the^ 
temperature of the superheated steam was such, that it either 
decomposed or volatilised the ordinary fatty and vegetable oils 
then used for lubrication purposes. Seeing that Randolph^ of 
Randolph & Elder, Glasgow, had successfully made and applied 
compound marine engines by 1868, with better commercial 
results and with far less trouble than any known combination 
of superheaters and simple condensing marine engines, super* 
heating fell into disfavour until they were revived about ten 
years ago, in 1895 $ 

trot Ewing’s 1899 Trials of the Schmidt System.—In October! 
189?, Prof, J. A Ewing, F.R.S., of Cambridge University, 
tested u The Schmidt System” at Sheffield on a Bingle*acting 
engine with two horizontal cylinders lying side by side. Thia r 

* Sec Experimental Researches in Steam Engineering , by Chief-Engineer 
B, F. Isherwood, U.S. Navy, published by Wm. Hamilton, Hall of the 
Franklin Institute, 1863. 

fgee pfe. Inst. C.E., 1860{ Trans . Inst. M.B., 1859-60, and Bourne 
on the Steam Engine.” * 

Trans. tnst,Msch, Engs., April, 1896, for a paper by Wm. FateheU, 

• w ^ ion of the 
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engine had pistons of long trunks without pistan-rod4 or stuffing* 
boxes, and cranks set at 180° apart. The pistons were 7*09 
inches diameter, stroke 11*8 inches, and made 175 revolutions 
per minute. Steam was generated in a vertical boiler with cross 
tubes, and above the vertical flue was fixed the Superheater. 
When the boiler pressure was 129 lbs. per square inch by gauge, 
the temperature of the steam leaving the superheater was 387* 
0. and 338° 0. at the engine. This small condensing engine of 
20*1 I.H.P. only used 17'7 lbs. of steam per I.H.P.-hour, as 
measured by weighing the condensed steam. This excellent 
result, as well as others carried out by the same person on other 
plants of the same make, gave a special impetus to inventors 
and steam engine users, more especially to those in charge of 
central electrical stations. Since then, many other patented 
forms have been tried more or less successfully and economic¬ 
ally. With the use of the high flash-point oils and the 
adoption of valves and superheater tubes made of spepjal metals 
to resist erosion and corrosion, they have overcome the difficul¬ 
ties of lubrication and chemical action so freely experienced by 
the previous generation of engineers. 

Prof. Watkinson's Superheaters *—The present Professor of 

Steam Engines and other Prime 
Movers at the Glasgow Tech¬ 
nical College is one of the most 
successful advocates of steam 
superheating. Early during this 
last wave of resuscitation in 
its favour, he devised two types 
of superheaters on the inde¬ 
pendently fired and the shunt 
circuit systems. Fig. 1 is a 
reduced illustration of a photo¬ 
graph taken during the con¬ 
struction of an independently 
fired superheater in the Scots- 
toun Iron Works of Messrs. 
Meehan & Sons, Glasgow, and 
>iTia, 1 .—Prof. W atkinson’s Super- which has been working for 
hhatsb. FOR Independent Firing. some y ear8 in a Lanarkshire 

Colliery. 

The three “ headers ” or straight pipes seen at the bottom 
of the photograph are usually made of mild steel of 10 to 12, or 

f See Proe. Inst, N.A., June, 1903, for his jkper on “Some New Types 
Superheaters." I am indebted to this Institution and to Prof. Watkin- 
for permission to reproduce the three figures with my own system? of 
dex lettering, and make this reference to his paper. * v v. 
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sttfe]L These tubes are so arranged in rows and at such small 
distances apart, that the products of combustion from the 
furnace must pass between them in thin divided sheets. The 
object of causing the heated gases to be split up in this way is, 
that they may the more readily part with their heat to the tubes. 
Ordinary, steam (wet or dry) from the boiler stop valve, first 
passes'into the “ inlet” header, then through one set of tubes to 
the €< intermediate ” header, from it through the second set of 
tubes to the “ outlet ” header, and from it to the stop valve at 
the engine in a more or less superheated condition, by regulating 
flue dampers. The products of combustion flow transversely 
^through between the tubes, where the temperature of the ap¬ 
proaching gases may be white hot, whilst they may leave 
them at 450 p F. or thereby. Consequently, care must be taken, 
- that neitljgr the tubes suffer, nor the steam be over-superheated, 
nor the gases leave at too high or too low a temperature. One 
thing is clear, that*the tubes in this superheater have great 
freedom of expansion and contraction, due to their shape and to 
their simple attachment to the headers ; for, they are merely 
passed through drilled holes in the latter and fixed thereto by a 
boiler tube expander, applied from the insides of the headers in 
the ordinary way. 



Pm. 2.— Prof. W Atkinson's Superheater for Drtbaok Land Boilers. 


Pig. 2 shows the application of a shunt circuit superheater to 
an ordinary u dry back ” land boiler. Here the furnace gases 
pass, as indicated by the arrows, from the furnace flue tube F T, 
of the . .boiler B, to thf> combustion chamber 00, and strike 

^ against the inside of the brick setting B S. Then, according &>• 

% 


the regulation of the damper door D, more or less of the gasea 



















upwards; and- around the Anil, ’nfr *.W 




superheater chamber, S 0, through Vetwaen: and^lwM 
^ aupe^h'eater U tubes, T (as shown hanging freely from thbir 
headers, H), to the opening left by the elevated damper^ I), 
’ *H holler tubes as before, and from thence to front smoke: box 
ana Up the chimney. When the damper, D, is closed, none of 
-the gases pass through the superheater. * 
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Fio. 3. Prof. Watkinson's Superheater for Marine Boilers. 

Fig. 8 shows this superheater placed above the front smoke 
box of a marire boiler B, inside the uptake U, below the 
funnel F. Here the gases which leave the boiler tubes for the 
uptake U, pass by the two headers H lf H 2 , through between 
the inverted U superheater tubes T, to the funnel F, where 
the throttle valve type of damper D, is indicated by an end 
view of its spindle. Ample provision is shown by four cleaning 
4 doors 0 D, for getting at the superheater tubes. The headers 
j.Hi, H s , rest upon wrought-iron beams upheld by supporting 
^rackets S B, fixed tp the boiler shell, i ^ g 

k *When ordinary steam is desired, the main stop valve 8 Vt* is 

Am J ik« <ai.AoMA mam... A,__ xt. y_ *1 -W .4.1.” A 


"it 





ft 


'l ' }* * * 

XHU<H 1TABV Am AQftlAI i WHAM KXFAHSION OtJRVXS. 207 

/ ' " ' > 

thf tfdatq pipe^S &,to th$ engines. But, when superheated 
steam Is desired, aVj is eloseoi and SV s is opened, whioh 
permits boiler steam' to flow into header EL, and the dried 
superheated steam is then taken from header H s , by the steam 
pipe SPjj, to the engines.* 

Imaginary and Actual Steam Expansion Curves. —Having 
discussed how ordinary wet, dry, and superheated steam arrives 
from boilers and superheaters at the engine stop valve, and how 
lique&ction takes place in the cylinder of an ordinary simple 
condensing engine, it will now be advisable to distinguish 
between the ideal or imaginary curves of gas, steam, and air, and 
that of the actual expansion curves derived from ordinary and 
from superheated steam. We shall deal, later on in this and in 
future lectures, with the other devices which have been tried for 
preventing liquefaction in a oylinder, and show how indicator 
diagrams are taken and measured. 

Curves 1 and $ are Isothermal Expansion or Hyperbolic Curves , 
where P V = Constant j; —Referring to Fig. 4, imagine (as we did 
in the previous lectures), that a perfect gas is admitted at 
120 lbs. absolute per square inch to a non-conducting cylinder 
(having no clearance space between its piston and the cylinder 
cover), then this pressure may be depicted by the ordinate line, 
0 A. Let the gas begin to press forward the piston slowly for 
ra of the full stroke, as represented by the line, A 0. If the 
gas be now cut off sharply from the cylinder whilst its tempera¬ 
ture is (somehow or other) maintained constant, it will expand 
and force the piston forward to the end of its stroke. If this 
expansipn be performed very slowly (so that the gas may still be 
kept at constant temperature), the pressure of the gas will so 
fall, that ordinates drawn up from the horizontal line of volumes, 
0 B, at any number of points along the stroke, will represent (to 
the same scale as O A), the pressures which would exist in tlhe 


* This superheater has been fitted not only to German Ocean steamers, but 
to Trans-Atlantic liners, and the results are being now watched and noted, 
not only by the professor, the maker, and the oWners of these ships, but 
also by the large army of naval and mercantile marine engineers, unfor¬ 
tunately, as far as this edition is concerned, reliable, definite data re the 
results of these trials have not yet been obtained over a sufficiently long 
period to place them before my readers. But, in some experiments oa&ied 
out by Prof. Waikinson with his u shunt circuit” type connected to a 
L an cash ir e boiler of 8 feet diameter and 30 feet long, he says that be found 
a saving of 27*4 per cent, in coal over that with the same boiler without 
his superheater. 

+The student should here refer to The Engineer , May 20th, 1008, p. 885? 
for Prof. Robert H. Smiths article on “The Expansion, Separation. aM 
Compression of Wet Steam.” Also, to The Electrical Review, May 27th, 
(19^ for Ur* W* Hi Booth’s article on 11 Steen; Curves,” 
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tejlmifa - behind the piston/at each point along tlie stttojfce, 
. ^ke o^rved line No. 2, drawn through the upper ends of t&e$e 
pressure ordinates will therefore depict graphically the eipan- 
' sion of the gas within the cylinder, and the equation to this 
curve is that for the hyperbola, viz.:— 

PY = constant. Or, Poc y. 

Where P = pressure per square foot, and V = volume in cubic feet* 

Because, the pressure of an enclosed perfect gas which is kept at 
constant temperature varies inversely as its volume. * In the 
same way, if we abide by the foregoing conditions and let the 
cut-off be at D instead of at C, the curve No. 1, or DE, will 
then represent the isothermal expansion of the gas. 
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■Boiler Pressure 
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N 0 . 9 land2. Isothermal of Gas. PV =£onstant\ 
N? 3. Dry Saturated Steam. PV% = » 

// 4. Adiabatic for Saturated SteamPV'S =* u 

a S. a forSuperheatedSteamPV h3 = » 
a 6. a for Dry Air. PV^e. n 
'*t/7. Ordinary Indicator Diagram, 
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Fig. 4.—Gab, ^ Steam, and Aib Expansion Ccbves. 

It is evident, that the special restrictions and imaginary con¬ 
ditions here assumed, do not pertain to those of any real cylinder 
' tirade of metal or to any known means of keeping Steaui at 
constant temperature whilst expanding, and at the fame time 
dping ^Ork. Consequently, these two curves, Nos. 1 and 2, dp 
^ tipt represent the actual conditions under which ordinary Bteam 
*—•‘nds in a oylinder. They are never obtained in practice, 
mgh they are convenient for showihg the limit to which a 
perfect gas may Attain whilst expanding isothermal^ 'C.&% : : 




regreMated by ,th6 lme, AC, Iij Pig. A) and then alio wed . ta 
expand,-it would fall in pressure as represented by Curve No. 3, 
if,, during the whole time of the said expansion, the steam just 
received sufficient heat from the jacket to keep it dry. • Prof. W. 
J. M. Rankine devised the following equation to represent this 
curve 

i 

= PV 1 ' : constant, C = 69,000 foot-lbs. 


; The student should here refer to the figure in Lecture XXVI. , 
on the De Laval turbine, which has been accurately drawn, re* 
presenting this curve when a volume of 1 cubic foot is plotted 
horizontally to the same scale as 1 lb. pressure vertically. In 
fact, it is only by so drawing these curves to a uniform scale that 
the eye can/eadily detect their variations in form and slope. 

This curve of expansion may be closely followed by admitting 
superheated steam to a cylinder, so that the extra heat units of , 
superheat are just expended in doing work, and in heating the . 
oylinder up to the point of cut-off. Thereafter the steam must 
just get sufficient heat from a jacket to keep it dry to the end 
of the stroke. As will be seen from the practical examples 
given later on, engineers do frequently aim at producing this 
high-class condition of affairs, and they consequently compare - 
the efficiency of their results by drawing this curve on their \ 
combined indicator diagrams. 

, • Curve 4—Adiabatic Expansion of Saturated Steam , where \ 


10 # t ' ‘ 
P V • = Constant .—If a gas neither receives nor rejects heat as 

it expands or is compressed, then the curve which gives the 

relation between its pressure and its volume at each instant, is. 

termed an adiabatic curve. Hence the work done by a gas 

when expanding adiabatically is all performed by a proportional 

loss of own internal initial heat energy. W^en a gas is being 

compressed adiabatically, then the whole of the work spent upon 

compressing it goes to increase its internal energy. Conse* 

' (juently, adiabatic expansion of steam could only be perfectly 

realised, if it were expanded or compressed without any change 

id ite nature, jn a perfectly non-conductihg, non-radiating 

ler.v !Thie condition of affairs is never actually realise? 
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LECTURE XV. 


* - 

opportunity for this latter effect to take place. Hence, we gain 
so far in economy by high piston speed and an increase in the 
revolutions per minute. 

Although this curve is not strictly followed by the expansion 
of steam, yet (as will be seen later on) engineers do frequently 
compare their performances by plotting it over their com¬ 
bined indicator diagrams. *In the case of the De Laval and some 
other steam turbines, this curve does actually express the rate by 
which the steam pressure diminishes as its volume increases. 
This is clearly shown by the curve which has been.carefully 
drawn to the same scale for 1 lb. pressure and 1 cubic foot 
volume, just referred to in Lecture XXVI. 

Here, P YV = p V w . Or, P cc • 

y 11 

Referring again to Fig. 4. If dry saturated steam were 
admitted into a perfectly non-conducting, heat opaq^p cylinder 
at 120 lbs per square inch absolute for iV of the stroke, and 
allowed to expand therein without receiving or gaining heat 
from any source whatever, it would follow Curve No. 4, which 
falls below the previous curves. 

Curve 6—Adiabatic Expansion of Superheated Steam y where 

PV 18 = Constant —If superheated steam were admitted to a 
cylinder at 120 lbs. pressure per square inch absolute and cut off at 

stroke, as represented by A C in Fig. 4, then, if this steam 
remained in a superheated condition up to the end of the stroke, 
it would expand accoiding to the formula :— 

P V 19 = constant. Or, P oo ~r a ' 


However, this would entail in an ordinary steam cylinder doing 
ordinary work a very high initial degree of superheat, which, as 
will be explained later on, is inadvisable unless certain pre¬ 
cautions are observed. 

■ Curve 6—Adiabatic Expansion of Dry Air 9 where 

PV W m Constant *—Following the same reasoning in the case 
of dry air, we see, that the curve plotted to the equation, 

P V 1 ’ 4 « constant. Or, P oo 

yields Curve 6 in Fig. 4. This is the lowest of all the curves, 

/• * Prof. Rankine in his text-book on The Steam Engine' gives the power 
for dry air as 1 *408; Perry, 1*414 5 and Ewing, 1 *404 as well as 1*408 j but 
for, our purposes here, 1 *4 will be sufficiently accurate 




and hence the least amount of work will be done by air per 
onbio foot when expanded adiabatioaUy. 

The following table shows the mean pressure as a percentage of 
the initial pressure or work obtainable by each of the foregoing 
expansion curves when cut off at of the stroke in a cylinder 
without clearance:— 


Percentage Ratio op Mean to Initial Pressure with 10 Expansions. 

Dry Saturated Adiabatic Adiabatic Super- 
Steam. Saturated Steam, heated Steam. 

p = Const. PV^= Const. P V 1J = Const. 

31*4 % 30*3 °/ 0 26-6 °/ 0 

Curve 7 —From an Indicator Diagram .—If dry saturated 
steam or the boiler pressure shown in Fig. 4 had arrived at 
the cylinder with a pressure of 120 lbs. per square inch absolute, 
and were cut off at ^ stroke, its pressure would, under ordinary 
circumstances, follow the chain dotted line, A G H F. Here, we 
see, that the pressure has dropped about 10 per cent, between 
the boiler and the cylinder, and that the initial pressure falls 
during the time of admission, due to wire-drawing and initial 
condensation. 

When cut-off takes place, the pressure drops quickly, due to 
further cylinder condensation, for about another of the 
stroke; whereas, thereafter, re-evaporation of the previously 
condensed steam takes place and the pressure keeps up higher 
than it would have done had there been no initial condensation. 
Here, the points G, H, and F, represent the beginning, inter¬ 
mediate, and final pressures due this re-evaporation. In reality, 
if we assumed that there was 30 per cent, of initial condensation 
at the point of cut-off C, then the weight of steam admitted to 
the cylinder would have occupied a voluitie represented by the 
distance A D, before expansion began. We thus see, that there 
xs a considerable area of lost work from the boiler pressure line 
down to about the point G, and that we never realise anything 
like the thedtatical full area which the steam could give out, as 
represented by the figure, OADEB, if it were supplied as a 
perfect gas at the given pressure and expanded according to the 
imaginary isothermal curve, D E. f 

The Beal Benefits o£ Superheated Stesjn.— -From an examina¬ 
tion of these seven curves and the percentage table of mean 
pressures obtained With ten expansions, it. is evident that super- 


Isothermal. 
P V = Const. 

33 7. ■ 


Adiabatic 
l)ry Air. 

PV 14 != Const. 
24-5 7. 












heated steam does not giro such a good return in work done pet 
unit volume as dry saturated steam. Under the conditions noted' 
in that table, we observe that the mean pressure is only 26*6 
per cent, for superheated steam, as against 31*4 per cent, for dry 
saturated steam, thus showing that the latter, if kept dry to the 
end of the stroke, yields fully 15 per cent, more work for the 
fame volume and cut-off. Consequently, we conclude, that from 
4, mere thermodynamic point of view, superheated steam does not 
{yield such a good return as dry saturated steam. This arises 
[from its low specific heat. Of course, per unit weighty super¬ 
heated steam would contain more heat units than dry saturated 
'steam and give out more work. The real benefits of superheated 
’steam, as we have just seen, come into play in its prevention of 
'initial condensation in the cylinder and in the paradoxical 
difficulty which it experiences in leaking past movihg valves 
and pistons. We shall frequently refer to the applications of 
superheated steam later on in these lectures, and shall then take 
k the opportunity of stating how it is generated, used, afid com¬ 
pared with ordinary steam under different circumstances. 

Steam Separators.—In order to prevent, as far as possible, the 
introduction of wet or “priming” steam from a boiler entering 
the valve casing of an engine, a simple device, termed a steam 
separator, is often interposed between the steam pipe and the 
engine. As will be seen by referring to the compound Bellis- 
Morcom engine, this separator consists of a cast-iron chamber 
into which the wet steam flows and impinges upon % diaphragm 
plate, thus causing the heavier condensed particles to fall to the 
bottom of this chamber, where they may be drawn off to the 
condenser, whilst the separated steam flows upwards to the 
engine stop valve and valve casing. Of course, all the suspended 
moisture cannot be trapped in this way, but, nevertheless, the 
steam is considerably dried and the working of the engine 
improved. 

*' Effects of Clearance.—In actual practice, the piston does not 
come close up to the end of the cylinder at the end of its stroke, 
a small space being of necessity left between the piston and the 
OOver to allow for the wear of the journals and other causes, 
besides this, there is the volume of the steam ports between the 
valve face and the cylinder. This combined apacef between the 
piston and the cylinder cover, plua the steam ports, is termed the 
clewcmce of the cylinder, and exercises an important influence 
upon thb expansion of the steam; for it must be filled with steam 
a^the moment of cut-off, and the volumqof steam expanding is 
equal to the "volume of the cylinder to the point of cut-off 4- the 
V space at the end of the cylinder + the volume of the steam ports, 
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Tfae ratio of expansion of steam in a cylinder, ns usually under* 
stood, is ' 

the vol. of cylinder area x length of stroke 

vol. to point of cut-off’ ° r ’ area x distance to pt. of cut-off * 

but, if clearance be taken into account, the true ratio of expan* 
sion is much less than the ratio giveji above. 


Let c 
» \ r 

» r t 
Then, r x 


fraction of cylinder’s capacity representing clearance, 
ratio of expansion as above. 
true ratio of expansion. 

vol. of cylinder + clearance 1 +c r (1 + e) 

vol. to pt. of cut-off -t clearance 1, 1 H c r * 

r - + c 



Fio. 5.—Effect of Clearance on Expansion Curves. 


The difference between r and r x is obviously greatest with 

high ratios of expansion, or early cut-off, when ~ may often be 

equal to o; hence, with high ratios of expansion the clearance. 
space should be reduced to a minimum. An example may make' 
this clearer. Let steam be cut off at ^ of the stroke, then r = 8. 
Also, let the clearance capacity = ^ of the capacity of the 
cylinder. 

Thm, r, = . iillii .9-41 

1 1 + cr 1 + 1 2 _ **• 


Therefore, the volume of steam admitted to the cylinder is really 
only expanded 4^ times instead of 8 times ; and it is easy to se$ 
^at the curve ot expansion will be materially affeoted thereby. 
Fig. 6 show# curves of expansion from PY = constant. 
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AB is the curve which would be followed by the stealn ex¬ 
panding 8 times with a volume, 0 V (| 0 D), and pressure, 0 P. 
A 0 is the curve of expansion, which is really followed by the 
steam when the clearance space is taken into account, the volume 
being O x V % the pressure the same as before, and the expansion 
then being only 4£ times. This shows the importance of taking 
the clearance into account ip considering indicator diagrams. 

In practice it is impossible to avoid clearance altogether, but 
the losses arising from it may be considerably reduced by closing 
the exhaust before the end of the return stroke. 

Compression or Cushioning.—This is effected, as we pointed 
out in Lecture XIV., by closing the exhaust port before the 
piston has completed its return stroke. Then, any steam still 
remaining in the cylinder is compressed into the clearance 
spaces. If the compression were so great as to raise the pressure 
of the steam in the clearance spaces up to the initial pressure of 
the steam, loss from the clearance spaces would be largely avoided, 
since these spaces would already be full of steam at the initial 
pressure, when the piston began its next steam or forward 
stroke. 

Causes why Compression does not Return the Whole of the 
Work Spent on it.—The total return for work spent on compres¬ 
sion could only be strictly true of an engine which expanded 
right down to the back pressure line before commencing to 
exhaust. Or, in the case of an engine whose indicator card had 
only four sides j in fact, a Carnot's reversible engine , where the cool¬ 
ing takes place entirely by expansion and the heating entirely by 
compression. The indicator card of an ordinary steam engine 
has five sides, and, as there is a sudden drop of temperature 
from the point of release to that of the exhaust back pressure, 
we actually expend more work upon compressing the clearance 
steam during a return stroke than it usefully exerts on the next 
steam or forward power stroke. 

In addition to this, we know, that the exhaust steam at the 
point where compression commences is, as a rule, dry steam. If 
so, the compression will take place adiabatically. But, during 
the forward stroke, this compressed steam mixes with fresh 
itteam from the boiler, and, as a rule, initial condensation has 
then taken place. Now , when steam expands in presence of 
water it does not and cannot expand adiabatically . Hence, 
from this cause also, we see, that the previously adiabatically 
cushioned steam does not exert during expansion the same 
energy as was put into it during compression. Add to these 
two oiroumstances the fact, that heat is always radiating from a* 
cylinder and we see, that compression during exhaust can never 
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yieia ^ full ’ work done hpori it, Hence, the lestf the 
volume pf ijhe clearance spaces the better, as in the most; 
efficient Corliss engines. 

The mean pressure of steam would* however, be .greatly 
reduced by such excessive cushioning. The useful extent of 
cushioning, considered with reference to the motion of the 
engine alone, depends chiefly on the speed of the engine. In 
very fast-running engines a large amount of cushioning is neces¬ 
sary, in order to check the momentum of the moving parts 
gradually, and reverse the direction of motion without shocks 1 ; 
but, if the piston speed be slow, a less compression will suffice to 
keep the motion smooth and free from jerks (see Lecture 
XVIII.). These considerations limit the amount of compression 
to be used for any particular case. In engines having a high 
ratio of expansion and great piston velocity, the exhaust steam 
might with advantage be compressed up to the initial pressure, 
but, in ojjjier cases, a moderate compression is all that can be 
recommended. The effect of compression on the indicator 
diagram is a sudden rise in the exhaust or back pressure line 
just before steam enters, and is shown on the following diagram 
by the line, m n. 

Compression up to the initial pressure of the steam has a 
further advantage in unjacketed cylinders, viz., that the cylinder 
becomes heated up to the initial temperature of the steam by 
the work done upon it, and condensation of the entering steam 
may, therefore, be greatly reduced. 

Lead. —It is necessary in practice, especially with liigh-piston 
speeds and low-pressure steam, to open the slide valve before 
the piston has reached the end of its stroke, in order to assist 
the compression and maintain the full initial pressure as the 
piston moves forward. This is shown by the black heavy line, a 
to cut-off. This amount of opening is termed the “ lead 99 of the 
valve. If no lead be allowed, the valve is not sufficiently open 
when the piston begins to move forward, and the full pressure 
of steam does not come upon the piston juntil it has travelled 
over a part of the stroke. The loss is shown by the sloping- 
down comer, a 6, in Fig. 6. 

Wire - Drawing. — When the steam comes from the boiler 
through too small steam pipes, or through small superheater 
pipes, or when it enters the cylinder through contracted ports, 
or is prevented from following up the piston at full pressure, it 
is said to be wire-draum. The effect upon the indicator diagram 
is a fall of, pressure ghown by.the dotted line, abd P With a< 
common slide, valve, a certain amount of wire-drawing 
always take place at; ther point of cut-off, due to the slowness 






;fthbttlci v open quickly and remain open until the point of Cu&bffj- 
.'•thenclose quickly. These conditions are not fulfilled byahyof' 
./thevalves in ordinary use, unless, perhaps, the Oorliss an d the/ 
■; Froel valve gears. The opening to steam should be sufficiently, 
large to allow the steam to pass into the cylinder with a velocity' 
and volume, greater than the displacement of the piston, if this 
/ drop in pressure is to be avoided. 

Release.—-In order to prevent excessive back pressure during 
exhaust, it is necessary to release the steam pressure on the piston 
before the end of the stroke. This has the effect of rounding the 
right-hand corner of the diagram, as shown by the line, ejg\ 



Pig. 6.—Effects of Compression, Want of Lead, Wire-Drawing, 

and Release. 


whereas, if steam be carried to the end of the stroke before ex¬ 
hausting, the diagram* will take the form shown by the line, h h, 
Whereby excessive and wasteful back pressure will-be the result. 

Compounding. —Having now studied the principal points in 
connection with the actual expansion of steam in a single cylin¬ 
der, we are in a position to explain the several advantages of 
the expound engine over the simple expansive engine. 

. Advantages. —(1) From what has been already stated, the 
Btuaent will see, that *the amount of liquefaction which takes 
pjnee in a single cylinder engine varies with the difference 
between the initial and final temperatures. Therefore, the loss 
from liquefaction in any cylinder increases as wq increase the 
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expc#fe>nu ^ejarinciple of the compound engine, then, 
“consists in dividing the expansion into two or more stages, and 
carrying out each stage of expansion in a separate cylinder, so 
as to reduce the variation of pressure and temperature in each 
cylinder. For some time there was great diversity of*opinion 
as to the advantages of the compound system, but actual practice 
has now proved beyond doubt that,4f properly proportioned, the 
compound engine is much more economical in consumption of 
fufel for a given power than the simple expansive engine. Not 
only i» the amount of liquefaction reduced in the compound 
system, but any re-evaporation of condensed steam which may 
take place in the high-pressure or intermediate cylinders during 
exhaust is not a direct source of loss, for, although increasing 
the back pressure in these cylinders, it is not at once discharged 
into the condenser, but passes on to the next cylinder and does 
useful work there. 


(2) Tlje loss from clearance is also less in compound engines, 
for, as we have shown, the loss from this cause increases with 
the ratio of expansion in each cylinder. 

(3) In the simple engine, with a high ratio of expansion, there 
is of necessity a wide variation of pressure on the piston. This 
causes an irregularity of rotational effort on the crank-pin, 
which is objectionable, and the initial stress (which all the 
working parts must be strong enough to withstand} is far in 
excess of the mean stress by the compound arrangement. 

(4) With compounding, we may use very high initial boiler 
pressures and permit the steam to do work successively in two, 
three, or more cylinders placed in series. As previously ex* 
plained, we obtain high-pressure steam at a comparatively small 

. extra cost. For, as clearly shown by Table II., Lecture VII., 
the total heat units in 1 lb. of steam at 20 lbs. pressure is nearly 
-1,152 B.T.U.; at 100 lbs. it is 1,182 or only 32 more, and at 200 
lbs. it is 1,198 or only 16 B.T.U. more than at 100 lbs. Now, 
by using steam of 200 lbs. initial pressure and letting it expand 
and do work in, say, three successive cylinders, we get far more 
out of each lb. of steam than we could, by using one big single 
cylinder with 20 lbs. initial pressure, and more proportionately 
than it costs to raise the steam from 20 to 200 lbs. pressure* 
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: N.B.—The questions from 1 to 19 are directly upon the text of this lecture 
< and roughly in the order thereof The following questions are in order 
of the dates when they were set, and the large number of A.M.I.C.E. 
questions, «fcc., bearing upon this lecture will be found in the Appendix* 


1. Account for the usual los&s of pressure and temperature in steam 
between a boiler and its engine. 

2 . Why does initial condensation of steam take place in the cylinder of 

a steam engine ? . . . x 

3. Enumerate the most successful devices for preventing or reducing 
initial condensation of steam in an engine cylinder. 

4. Trace what happens in the working of a steam engine when the 
oylinder is not provided with a steam jacket. 

6 . What is the object of a steam jacket? In what way does the absence 
of the jacket affect the indicator diagram ? State how the economy of the 
steam jacket is affected by ( 1 ) cut-off, (2) size of cylinder, (3) revolutions 
per minute, and (4) superheat. 

6 . Give a concise historical statement of the introduction aqji apprecia¬ 
tion of superheated steam. * 

7. Describe, by sketches and index to parts, a superheater for a land and 
for a marine boiler. 

8 . Draw and explain the seven different expansion curves described in 
this lecture. 

9. State the law according to which superheated steam expands in 
volume when its temperature is raised under a constant prossure. When 
steam is superheated for the supply of an engine in the usual manner, does 
its pressure rise above that in the boiler ? Explain fully. 

10. Distinguish between superheated steam and saturated ste&m. Accord¬ 
ing to what law is the pressure of superheated steam affected when it is 
compressed into a smaller space? What happens in the case of saturated 
steam ? 

11. Explain the difference between isothermal, saturation, and adiabatio 
expansion of steam, and draw carefully the curves for each in one diagram. 

12. State clearly the real benefits derived from the use of superheated 
steam. 


13. What is a separator and how does it act ? 

14. What is meant by the term “ clearance ? ” Assuming that the 
clearance has been reduced to an equivalent length of the stroke of piston, 
which is 4 feet, and taking the case where steam is cut off at half-stroke, 

'« the clearance being 3 inches, you are required to compare the pressure of 
i* the steam, when 3 feet of the stroke are made, with the pressure under the 
« same circumstances if there were no clearance. Ans. 27 : 26. 

IB. Define the terms “clearance” and “ratio of expansion” as applied 
‘ to a steam engine. Draw a theoretical indicator diagram for a condensing 
engine, where the steam is cut off at \ stroke. Mark, on this diagram^ 
in dotted lines and writing, the effeots of (a) clearance, (b) late admission, 

, (c) wire-drawing, (d) late release, and (e) too early compression. Steam at 
30 4bs. initial pressure by gauge expands to 12 lbs. absolute at point of 
% release. ,<Rnd ratio of expansion, given clearance = 5 per cent, of stroke, 

"^tnjd release taking place at 7 per cent, of stroke before the end. Ans. ‘ 4, 

- *Tlfi* Explain by an indicator diagram the meaning of the ienn® “ com- 
cushioning,” "lea4«” ^wire drawing,” andl^reie^”. Sbo* 
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how and why the work epentuponoopipressing the tail end of the exhaust, 
ateam up to the initial admission pressure is not given out completely as 
work done during expansion. . 

17* What are the principal causes for the presence of water in the 
cylinders of steam engines? What methods have been employed to 
diminish the loss due to initial condensation and subsequent re-evaporation 
in the cylinders ? Hence state the advantages which result from the use 
of compound cylinder engines. 

18. State and explain the several advantages due to compounding. 

19. Plot neatly and accurately, in different colours and on squared paper, 
to $ vertical scale of ^ inch = 1 lb. pressure, and to a horizontal scale of 

inch as 1 cubic foot of volume, the isothermal, dry saturated, adiabatic, 
end superheated steam curves direct from their respective equations, with 
an expansion of ten times from the point of cut-off and with the initial 
pressure of 100 lbs. absolute per square inch. Also, plot down what you 
consider to be the probable curve for steam of 100 lbs. initial pressure with 
20 per cent, initial condensation. Then find by measurement, and, by the 
rules adopted in Lecture Xll., the mean pressures obtained from each, of 
these curves, and thus check the table of percentages which these mean 
pressures are of the initial pressure. 

20. Explgjn why condensation takes place in a steam engine cylinder. 
Explain carefully, giving figures if possible, the usefulness (and the limit 
to it) of expansion in one cylinder. Why and under what conditions is it 
advantageous to expand in two or more cylinders instead of in a single 

cylinder? (8. & A., 1897, Adv.) 

21. Fluid expands from a point on tho diagram where p is represented 
by 1 *5 inches, and v by 1 inch, to a place where v is 3 *5 inches. According 
to each of the laws of expansion, p v constant, ^t> 1 ’ 0846 constant, and p 
constant, find the value of p at the end of the expansion in eaoh case. 
<B. of E., 1900, Adv.) 

22. Assuming no clearance; cut-off at one-third of the stroke; expansion 
according to the law, “pv constant;” what is the mean forward pressure 
as a fraction of the initial pressure ? If the cross-section of the cylinder .is 
144 square inches, length of stroke 2 feet, what volume of steam is used 
per stroke ? If the back pressure is 17 lbs. per square inch and there are 
200 strokes per minute, find in the following two cases the indicated horse¬ 
power and the weight of steam used per hour. Negleot olearanoe, conden¬ 
sation, and leakage. 


Initial pressure in lbs. per square inch, 


180 



Volume in cubic feet of initial pressure steam per lb., 2*51 4*356 


Use squared paper to show the weight of steam per hour used by the 
engine at any power. (B. of E., 1900, H., Part i.) 

23. In the previous question, with initial pressure 180, find the mean 
forward pressure during a stroke. Neglecting the shortness of the 
connecting-rod, find the pressure when the crank makes angles of * 
0°, 15°, 30°, &o., with its dead point, and find the average of these. 
(R oIJS., 1900, Hi, Part %) . . 

/ 24; Without givingthe mathematical investigation, state what is tho 
Mult >of the cause of the initial condensation in a cylinder ;; 
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h$8 ft been confirmed by experiment? What is known about steam missing 
through leakage past valves ? (B. of E., 1900, H., Part i.)^ 

26. We endeavour to prevent condensation in the cylinder of a steam 
' engine (a) by a separator, ( 6 ) by superheating, (c) by drainage from the 
cylinder, (d) by steam jaoketing, (e) by high speed. Explain now each of 
■ these methods tends to affect our object. (B. of E., 1901, Adv. and H., 
Parti.) 


26. In an air compressor the c air is drawn in at a pressure of 14*7 lbs. per 
square inch absolute, and compressed to 77*0 lbs. per square inch absolute, 

s The volume drawn in per stroke is 1*52 cubic feet, and when 133 strokes 
are made per minute the compressor requires 24*16 H.P. to work it. 
What H.P. would be needed if the air were compressed isothermally ? 
Hence find the efficiency of the compressor (log* 5*24 = 1 * 666 ), 
(0. & G., 1901, H., Sect. B.) 

27. What do you understand by cylinder condensation in a steam-engine 
cylinder? Explain the various devices adopted to reduce it. (C, & G., 
1902, O., Sec. C.) 


28. Explain, as fully as you are able, what is meant by cylinder conden¬ 
sation, and why it causes a loss of efficiency. Describe three ways by 
whieh it may be reduced, and discuss the advantages and disadvantages of 
each method (1) from a theoretical and (2) from a practical pupt of view. 
(C. & G., 1902, H., Sec. B.) 

29. Show that no more work is obtained from a given quantity of dry 
steam by passing it dry through two cylinders, as in a compound engine, 
than by admitting it into a low-pressure cylinder only with the same 
degree of expansion, on the supposition that no heat is conducted away 
ana radiated by the sides of the cylinders. 


j 
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LESdtXTBE XYI. 

Coitthnts. —Watt’s Indi oat or—-Special Features ol the Ww Crosby Indi¬ 
cator—Description of the Crosby Indicator—Errors in Indicators— 
Recording Mechanism—Taking of Indicator Diagrams—Examples of 
Defective Diagrams and the Causes of their Defeots—Combined Com* 
pound Diagrams—Fairbaim’s Saturation Curve— Graphic Representa¬ 
tion on the Indicator Diagram of the Water present during Expansion 
—Gain in Pounds of Steam per LH.P.Hue to Superheating—Gain in 
B.T.U. per J.H.P. duo to Superheating, with Formula—The Effects of 
Raising the Superheat on the Indicator Card and on the Economy of 
Steam—Appendix to Lecture XVL on Amsler’s Plammeter—Questions. 

Watt's Indicator. —Watt was the first who recognised fully 
the importance of gaining some knowledge of the action*of steam 
in the steam cylinder of an engine, and the first form of indicator 
was the result of his efforts in that direction. The figure shows 
an improved form of Watt's indicator, by which a complete 
diagram could be traced out. 

It consists essentially of a steam 
cylinder, 0, about 1" diameter and 
6" long, having a solid piston, P, 
accurately fitted into it. The cylin¬ 
der is open at the top, and is fitted 
with a steam cock, S 0, at the 
bottom, which is screwed into the 


1 

4-<w8 





1 

1 1 

HE 


V 


8 . 3 . 


Fig. 1. 



Index. 

S 0 for Steam cock. 
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ft 
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Cylinder. 

Piston. 

Spiral spring. 
Pencil. 

Frame (wood). 
Sliding board 


(covered with 


Indicator card. 

Weight attached to cord for re¬ 
turn motion of S B. 



cylinder cover of the engine, or 
into the engine cylinder itself close 
to the end. A small rod is fitted 
into the piston at. one end, and 
carries a pencil, p, at the other, 
which can operate on a sheet of 
paper fixed on the sliding board, S B, in front of it. The sliding, 
board can more horizontally in the frame, and receives its motion ’ 
by means of a cord which is fastened to some reciprocating part • 
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of the engine, the period of whose motion is identical with thiCt 
of the piston of the engine. The return of the board is effected 
by; means of the weight, W, and the cord, while the vertical 
motion of the piston is controlled by a spiral spring, S S. 

When the instrument was first brought into use by Watt, the, i 
pencil moved in front of a graduated scale, but no lateral? motion 
was given to the paper, hence, all the information obtainable 
was the pressure of the steam in the cylinder, or the perfection 
of the vacuum. The addition of the sliding board, however, 
enables a complete diagram to be set out, and the steam pressure 
and vacupm ascertained at any point of the stroke . The im¬ 
portance of this improvement will be at once apparent. 

Different Kinds of Indicators.—There are a great number and 
variety of these useful instruments, but hitherto we have 
selected those which were generally recognised as being the 
most approved of their kind for special speeds and pressures. 
In previous editions of this book we have dealt with Richard’s, 
Thompson s, and Wayne indicators. In present editions of the 
author’s Elementary Manual on Steam and the Steam Engine , the 
Richard’s and the M‘Innes-Dobbie indicators are fully illustrated 
and described; consequently, we have now selected for explana¬ 
tion the latest American pattern of the high-speed Crosby 
instrument. (See Appendix E for the Cvpollina Indicator ,) 

Special Features of the New Crosby Indicator.— 1st. The spiral 
spring, S S 1 , has been removed from the inside of the cylindrical 
case (near the piston, P) to the outside, and fixed above^ the 
moving parts, where it will remain cool under all conditions. 
Whatever error there was from the spring becoming heated in 
the ordinary indicator is not present in this instrument. The 
indicator is therefore suitable for taking indicator diagrams from 
an engine which may be supplied with superheated steam. 

2nd. Another and more important difference lies in the size 
and shape of the piston. This piston is mad? 1 square inch in 
area, and is turned at its rubbing surface in the form of the 
central zone of a sphere. This greatly reduces the depth of the 
pijston, which is still kept steam-tight by the thin film of 
moisture which collects around its lip. As the contact of the 
piston with the interior of the cylinder is a mere line, and the 
piston is attached directly by a rod to the upper part of the 
spiral spring, S S lf it moves freely and without restraint inside 
the cylinder, notwithstanding the probability of some eccen¬ 
tricity in the action of the spiral spring. 

3rd. The pencil mechanism is connected by a rod to and 
< directly over the piston, by a ball and Socket joint, B J. Con- 
frequently* us the piston takes up the torsional str^ssjes pf the 
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;4^Hng. SSjj when. it acts upon the pencil mechanism ofthe 
indicator^ and its rod, P R, moves in a vertical line through a 
;sleeve attached to the base of the pencil mechanism, the pencil 
point, P P, is compelled to move in a vertical line. 



Fig. 2.—The New Small Crosby Indicator. 


* 

Index to Parts. 


8 0 for Steam cook connection. 
00 >, Outer cylinder case. 

10 ip Inner cylinder. 

P t> Piston. 

PR pp Piston-rod, 

AI p, Air inlet. 

8H M Swivel head. 

JJJ v Ball joint. " 


B N for Binding nut. 

S S lf 2 pp Spiral springs. 

PM ,, Parallel motion^ 
PP „ Pencil point. 

PC ,, Paperclips. 

D pp Drum. 

CP pp Cord pulley. 

QP 99 Cord guide pulley* 
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4th. Another feature is the adjustment of the pettcft point, 
P P,' to any desired position on the drum, X>, by loosening, the 
binding nut, B N, and screwing the spiral spring, S S^, upwards 
or downwards. The spiral spring, SS X , Carries with it the 
whole pencil mechanism, PM. Having adjusted th§ pencil 
point, P P, to the desired position on the paper by means of 
the spiral spring, you again fix it by tightening firmly the 
binding nut, BN. * 

Description of the Crosby Indicator.— This indicator has a little 
barrel or outside cylinder, 0 0, which communicates with the 
engine cylinder and stop-cock through the steam-cock confieotion, 
S 0. It also has an inner cylinder, IC, in which the piston, P, 
moves steam-tight, due to the condensed steam collecting around 
the lip of the piston and cylinder rubbing surface. Between the 
outside and the inside cylinders is an annular space, which acts 
as a steam jacket to the inner cylinder. It will also be noticed, 
that 10 is perfectly free at its lower end, thus allowing it to 
expand and contract. The hollow steel piston-rod-, v PR, is 
Bcrewed into the piston, P. The pressure of the steam in the 
engine cylinder raibes the piston, P, extends the spiral spring, 
S S lt and causes the pencil point, P P, to rise in a straight line 
through a distance on a magnified scale, proportional to the 
extension of the spring, and therefore to the pressure of the 
steam. During this upward movement of the piston, the swivel 
head, SH, and parallel motion levers, PM, are also raised. 
Hence, a line is thus traced by P P upon the paper or card, 
which is wound round the drum, D, and fixed by the paper clips)*,' 
P 0. This drum, D, rotates for about three fourths of a revolu¬ 


tion and back again to its original position as the cord, cat gut, 
steel wire, or steel-wire strip (which is wound round the cord 
pulley, 0 P, near the bottom) is pulled and let go. The cord or 
wire from OP passes over the guide pulleys, GP, to any 
convenient form of reducing arrangement attached to the cross- 
head of the engine. Inside the drum, D, there is a spiral spring, 
S S 2 , fixed at its lower end, and which becomes wound up when 
the cord on 0 P is pulled This spring, S S z , serves to turn the 
drum in the reverse direction during its back or return stroke, 
Arilair inlet, A I, is provided in the cap of the indicator cylinder 
to admit air freely to the top of the piston. When the pressure 
of the steam in the engine cylinder is less than that of the 
atmosphere, the difference between these pressures acts on the 
top of the piston, P, causing it to descend and compress the 
spiral ej&ring, S S r The tap placed just below the indicator at 
$£ allows steam communication with tho engine cylinder to be 
cut jdff pleasure, It also permits the indicator cylinder to 



, , t tot 

be placed cliMt conn munication with the atmosphere, thereby 
allowing the attaospherio lice to be drawn on tbe diagram. 

Spiral Springs .—The indicator springs are each made of one 
piece of steel wire, as shown by the separate view. They are 
right- and left-handed, and therefore have no tendency to press 
the piston laterally against the cylinder when either extended 
or compressed. Springs adapted to various ranges of steam 
pressure are supplied with each indicator, and are marked with 
a number which states the pressure in lbs. per squaie inch. 



• ITig.* 3.—Spiral Spring for Crosby Indicator. 

that will raise the pencil point, P P, through a distance of one 
inch on the paper attached to drum, D. In this form of indi¬ 
cator the spiral spring, S S v is kept away from the indicator 
piston and cylinder, and is well exposed to the atmosphere. 
Consequently, the spring will generally be about the same 
temperature as the atmosphere. At the same ti/ne it is easily 
accessible for changing the spring at any time. 

Testing the Spiral Springs .—The accuiacy of the number 
marked upon each spring, should be carefully verified by testing 
the indicator under steam, against a standard pressure gauge or 
by a mercury column. The spiral spring is found by experiment 
to be much stiffer when cold than at the higher temperature 
when in use. Therefore, water-pressure tests are not suitable* 
unless a proper allowance be made for the change of elasticity 
of the spring, through its change of temperature. 

Errors in Indicators *—These errors may be due to one or 
more of the following defects:— 

(1) In indicators where the spring is placed inside the cylin¬ 
der, the stiffness of the spring alters with the temperature of the 
steam. Also, the average temperature of the spring is not 
known, and is different in every instance, 

* The student who is desirous of investigating the different errors to 
which some indicators are liable, should study Prof. Osborne Reynolds’ 
paper on u The Theory o$ the indicator ana the Errors in Indicate** 
lhograms;’’ also, u Experiments on the Steam Engine Indicator/* by J& 
W, Brightmore, JVoe. Inst. 0,$., voi bcxxiii., Pert i. 

*• lg 
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(2) Through defects in the parallel motion arrangement, P M, 
or in the spiral spring, SS X , itself* the vertical . motion of the 
pencil is not exactly proportional to the pressure in all positions. 

(8) Bad mechanical fitting of the parts, either through bad 
workmanship or wear and tear of the instrument. 

(4) The inertia of the drum or barrel, D, combined with 
weakness of spring, S S 2 ; or, 9 the strength of spring, S S 2 , com¬ 
bined with the yielding of the cord attached to the cord pulley 
and reducing arrangement on engine crosshead, sometimes cause 
too great or too little travel of the drum. In both cases, the 
motion of the paper on the drum, D, is not an exact reduction 
of the movement of the engine crosshead. 

(5) Friction, whether at the several joints of the parts moved 
by the piston or between the pencil point, P P, and the paper. 

(6) Even, when the cord which is to move the indicator drum, 
D, is connected to the engine crosshead or piston-rod in such 
a way, as to copy its motion correctly, the motion of tljp drum 
itself may become incorrect, because the length of the cordis not 
strictly constant. 

(7) The inertia of the reciprocating parts should be a 
minimum. 

Reducing Mechanism. —In the first place, it is necessary to 
have a reducing mechanism, which will give a sufficiently reduced 
and accurate copy of the engine piston’s stroke to the motion of 
the drum, D. Many arrangements are used for this purpose, such 
as in some forms of pantograph, whereby a geometrical solution 
of the problem has been aimed at. It is, however, not unusual to 
find in actual trials, greater errors than would occur with simpler 
forms of gear, due to the multiplicity of joints in the mechanism. 
All reducing gears should be simple in construction, not liable 
to get out of order or deranged in any way, and should be so 
arranged, that the string may be led as directly as possible from 
the crosBhead to the indicator. 

Mr. Frederick Sargant has invented and patented an elec¬ 
trical device applicable to an indicator, whereby any number 
of indicators can be operated, and diagrams taken at the same 
instant of time by closing an electric circuit. 

The following figures show several different forms of reducing 
meohanismi of which Nos. 1, 3, 5, and 9 are simple and good; 
but the student should note and compare them all, by actual 
tpial:— 
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reproducing to a convenient scale the movement of. the pistons 
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Fig. 4. Different Forms of Reducing Mechanism for Steam 
. Engine Indicators. 


of steam engines. Those who desire to study this subject 
thoroughly, should refer to Indicator Diagrams icith Engine and 
Boder Testing, by Chyles Day, Wh.Sc., of the National Boiler 
Insurance Company, Manchester. 4 * .• 
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Xu moat engines a small pipe is fixed outside the cylinders and 
communicating with both ends.* The indicator is attached to 
this pipe. The- pipe is fitted with a two-way cock, so that a 
diagram may be taken from either end of the cylinder at 

pleasure. This Fig. 

5 shows the method 
of attaching the indi¬ 
cator to an inverted 
cylinder marine engine. 

The string or steel 
wire, S, is attached to 
the air-pump lever, and 
its travel must be 
rather less than the 
circumference of the 
drum, D. Before ad¬ 
mitting steam into the 
indicator the R atmo¬ 
spheric line ” should 
be drawn. This is ~ 
done by turning the 
steam cook, S 0, so 
that the indicator 
piston is put into 
direct communication 
with the atmosphere 
through a small hole, and then bringing the arm which carries 
the penoil up to the rotating drum, when a horizontal line is 
drawn. ThiB line is marked A L, for “ Atmospheric Line,'' on 
the diagrams throughout this book. 

Indicator Diagrams. —Having studied in the previous lecture 
various effects produced on the theoretical indicator diagram 
by clearance, lead, compression, release, and such other arrange¬ 
ments as are required in practice for the proper expansion of 
steam in the cylinder of an engine, we are in a position to 
examine and comment upon a few indicator diagrams taken 
from ’actual practice. 

The annexed dia gram is taken from a horizontal non-condensing 
ft-ngyna (sometimes wrongly termed a high-pressure engine), and, 
as will be seen, the diagram is exceptionally good. The steam 
pressure rises almost instantaneously, as shown by the vertical 
admission line, and is well sustained up to the point of cut¬ 
off, ike line P Q O being perfectly horizontal. At the point of 
ouWff, 00, a very slight wire-drawing mfay be seen by the 
routed, corner, But it is very inappreciable and testifies to the 





efficiency of the valve gear. The release of the exhausi steam 
takes place at the point JEt, but might* with advantage! hav$ bfeep 
effected a little sooner. The exhausting of ihe steam |$ *very 
effectually carried out, as the back pressure mile $uite dp^to 
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the atmospheric line, A L. The amount of compression shown 
is too little, and a larger compression would no doubt make 
the engine work more smoothly at the dead points, for a slight 
knocking was observable. In this engine, however, the piston 
speed is very slow, viz., 160 feet per minute, so that a large 
amount of compression is not necessary. 



Fig. 7.—Defective Diagkam fkom a Simflk Condensing Engine. 


Defective Indicator Diagrams.*—Fig. 7 is a reduced copy of an 
. actual diagram from a condensing engine. It presents one or two defects 
which we shall notice briefly. First, the amount of compression is too 
small and the valve has not had sufficient, if any, lead. The absence of 
proper oushioning is shown by the very small rounded comer at the' 
point 0, and the sloping away of the admission line from the vertical 
shows that the valve has not been sufficiently open when the piston 
reached the end of its stroke. Had the valve been set to give more lead, 
the admission line would have coincided with the vertical dotted line, and 
it is evident that the non-ooinoidence of these lines cannot be due‘4o wire¬ 
drawing in the steam passages. For, when once the full pressure comes 
on the piston, it is fully sustained (as shown by the horizontal steam line) 
until the valve approaches the point of out-off, when the usual wire-drawing 
takes place, due to the slow motion of the slide valve, and is clearly ahown 
, *by the rounded corner on the diagram. Since this diagram is taken from 
via oondensing engine the steam exhausts into a condenser, and the back 
pressure or vaouum line falls far below the atmospheric line, AL, but 
release has been given rather late as shown at R, and the exhauBt shows 
contracted opening or wire-drawing, for it slopes down towards the left 
ha&4 of the figure with gradually diminishing back pressure. 

* » . .. . — '■ ■ ■ 1 ■■■ — — ■ 

"^Students who dosire to study the many defects to be found in indi¬ 
cator diagrams and their oauses should refer to Indicator Diagram with 
* Engine and Boiler Testing , by Charles Day, Wh.Sc., Published by The 
'Tjtfbaioal Publishing Co., Manchester. Also, T\e Steam Engine Indicator 
am Indicator Diagram, by W. Worby Beaumont, M.Inst.C.E., The 
Eleotricuan Series; and Bleed 1 * EngineerHandbook 
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the next four examples of defective cards are taken from a question 
tot at the February, 1900, A.M.LC.K. Examinations of The Institution 
of Civil Engineers, where the candidates are asked to point out what is 
amiss with these four indicator diagrams, and to state the causes of the, 
defects. 



the ratio of the speed of the engine to the stiffness of the indicator’s 
reciproi!bting steam spring exceeds a certain value. Sometimes these* 
oscillations may be caused or intensified by dirty indicator pjpfcons or 
friction at a certain part of their stroke. They are, therefore, solely due 
to want of stiffness in the indicator spring for the speed and the 
momentum of the moving parts of the indicator. They might be damped 
by using stiffer springs, but then the diagram might be too small in heignt; 
or they might not occur if the moving parts of the indicator were made 
as light as possible. It is with this object in view that the moving parts* 
in the Crosby and other indicators for indicating fast speed engines are 
made as light as possible. It will also be observed that the exhaust line 
is high above the atmospheric line, A L, thus showing that the diagram 
was taken from the first or high-pressure cylinder of a triple-expansion 
Engine Further, the expansion is carried out to an extreme extent sinoe 
the pressure in the oylinder falls to that of the back pressure before 
the end of the stroke. 



Fig. 9. —This diagram is evidently taken, either from a non-condensing 
engine, or from the H.P. oylinder of a compound engine, since the exhaust 
line is slightly above the atmospheric line. In either case,, the release 
apparently takes place too soon, as shown by the hollow droop in the right* 
hand toe of the diagram. This defect may, however, be caused by want 
of clearance between the parallel motion lever and the curved arm of a 
Richards indicator. #Also, the card would be improved if compression 
took place sooner* The sudden rise (so —s_) or hiatus at the commence* 
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of fcfif impression outre, may b? due, either to a flight leaijn the 
piston pf ^He slide valve of the engine at this point of the stroke* « 
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. Pig. 10.—The first peculiarity to be observed in this diagram, is the 
irregular wavy admission line. This is probably due to the indicator 
petloil pressing too hard or unevenly upon the drum paper. The second 
fault shows a bad expansion curve which may be due, either to evaporation 
of initially condensed steam or to a leaky admission valve. The third 
ind chief defect is seen at the compression corner of the diagram. ■ This 
la evidently due to a leaky piston. This diagram is obviously obtained - 
from the fl.P. cylinder of a compound or triple-expansion engine, as the 
Hthaust line is so high above the atmospheric line, A L. 

j* 



Fig. 11.—Looking at the left-hand end of this diagram we see, that there 
was neither cushioning nor lead. Both of these defects could be remedied 
by putting the eccentric sheave further forward, so as to give the valve 
more lead and out off the exhaust sooner. We also see, that the exhaust 
. release takes place too late, and this would also be remedied by the 
increased forward angle given to the eccentric. In faot, all the four points 
, of compression, admission, cut-off, and release take place too late. If 
the engine is a non-condensing one, the back pressure is higher than it 
need be with a good free exhaust. 

v , Turning now to Fig. 6 in the Appendix to this lecture, we see a very 
; peculiar loop diagram. This kind of card is often obtained from the high* 

/; pressure oyunders of Corliss or drop-valve engines, when running on a very * 
.light or no external load. The exhaust port is closed almost from the* 
commencement of the return stroke. Cushioning thus takes plooe to suoh 
an extent, that the back pressure rises above that of admission before the 
* commencement of the next stroke, which causes the negativeJo6p on the 
^eft&and UppfcV corner. The method of measuring by Amsler*a integrate r 4 
ithp net area of work done in this oase should be studied. 1 T 
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4 Compound l&gDdie I^l&graaiSf—Diagrams from the cylinders of 
a compound engine should all be taken at the same time, so that 
the conditions of boiler pressure, cut-off, dec., under which each 
diagram is taken, may be the same. Since the pressure of 
steam in each cylinder is different, springs of different strengths 
are used in each indicator, and hence the diagrams' of different 
cylinders are all to different scales. From these separate 
diagrams, therefore, we cannot get much information, except as 
regards the working of the valves and the amount of work 
developed by each cylinder. In order to tell accurately the 
extent of the loss of pressure between each cylinder, and the 
loss from liquefaction in the cylinders during admission, as well 
as any abnormal increase of pressure at any point due to re- 
evaporation or steam jacketing, we require to draw a# the 
diagrams down to the same scale, when the distribution of 
steam may be clearly seen. ' 

The saturation expansion curve should be plotted out on the 
same shOet of diagrams, so as to show clearly the variation of the 
aotual expansion from this curve. In combining compound 
engine diagrams, it is best to take the volume of steam under¬ 
going expansion, as equal to that of one pound of steam at the 
given pressure, so that all diagrams shall be drawn on the same* 
basis and may be compared with each other If we do this, we 
can readily construct the saturation expansion curve from tabled 
■ without any calculation or geometrical construction. A dia¬ 
gram of the expansion of dry saturated steam is plotted in the 
•turbine, lecture, and greatly facilitates the construction of the / 
saturation curve. In this diagram the vertical ordinate represents - 
«absolute pressures in lbs. per square inch, while the horizontal 

I absoissa represents the volume in cubic feet of one pound of 
steam. By its aid—if the volume of steam undergoing expansion 
is one pound—we can read off the pressure corresponding to any 

S ,rticular volumej and, if we set off this pressure at several 
fferent points throughout the stroke, we have only to join those 
points in order to complete the saturation curve. 

A To illustrate this important point, we append the diagrams of 
the compound engines of H M.S. Boadicea , and proceed to show 
how-to reduce them to the same scale and draw the saturation 
curve. The engines have one high-pressure and two low- 
pressure cylinders, and the ratio of the joint capacity of the two 
low-pressure cylinders to the high-pressure cylinder is 3T1 s 1. 
The steam is cut off at *46 of the stroke in the high-pressure 
cylinder, and the volume of the high-pressure cylinder is 116*2g‘ 
cubic feet. The pressure of the steam is 80 lbs. absolute, and the' 
clearance of each cylinder of the volume of the cylinder. 
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Fig. 12. —Combined Indicator Diagrams— H.M.S. “ Boadioha.” 


Quantity of steam used ) 
in high-pressure cylr. j 

it ii ii 

>i ii ii 

ii u » 


<= volume of cylr to pt. of out-off + 

clearance. 

= vol. of cylr. x *46 + 

- 116-26 x -46 + 

— 64*04 cubic feet. 
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The volume' of one pound of steam at 80 lbs. pressure may be 
found from Rankine’s diagram already referred to, or the table 
in Lecture XT., to be 5*4 oubio feet. 

, •. Weight of steam used in high- [ 64*04 

pressure cylinder in each stroke j **»«,«*» 

* • 

.*. Volume of high-pressure cylr. 1 116*26 _ 

. perlb.ofsteam (withoutclearance) J 11*85 “ y 8i oubl ° 

Clearance of high-pressure cylr. ) 9*81 _ ,. _ 

per lb. of steam used j ~yj *9 cubic ft. nearly. 

x mi . », 


64*04 

"W 

116*26 

11*85 


9*81 oubio ft 


9*81 ft ,. A , 
-jj- = *9 cubic ft, nearly. 


Clearance of low-pressure cylr. \ 
per l]j. of steam used j 


30 5 


2 77 cubic ft 


We are now in a position to construct the diagram. Lay off to 
scale the line, OYjj equal to the volume of the low-pressure 
cylinder per lb. of steam + its clearance = 30*5 + 2*77 « 33*27 
cubic feet, and draw the vertical line, O P, to represent to scale 
the initial pressure of 80 lbs. per square inch. Measure off 
O 0 H » *9 cubic feet, and draw a vertical line through 0 H ; this 
represents the clearance of the high-pressure cylinder. Now, 
make 0 H Y fl =* the volume of the high-pressure cylinder per lb. 
of steam, and divide this space into 10 parts, to correspond 
exactly with the divisions on the actual indicator diagram. Lay 
off on these divisions the mean pressures shown by the indicator 
diagrams, and complete the diagram of the high-pressure cylinder. 
The diagram of the low-pressure cylinder is reduced in the same 
way. O Ojj represents the clearance, and 0 L the volume of 
the cylinder per lb. of steam, and in measuring pressures the 
mean of the 4 low-pressure cylinder indicator diagrams is taken. 

The construction of the saturation curve from Rankine’s 
formula P = constant, or Table II, is extremely simple, 
since we are dealing with one pound of steam, and the pressure 
corresponding to any particular volume may be set down at once. 

Having now completed our diagram, we have a clear insight 
into the actual working of the steam m the cylinders of the engine. 
Evidently a large amount of wiredrawing takes place in the 
high-pressure cylinder, as is shown by the great fall of pressure 
before the point of cut-off. The rise of pressure above the sfctu* 
r&tion curve which take#place during expansion, may partly be* 
accounted for by the action of the steam jacket in re-evaporating 
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moisture in the cylinder, or by the steam which condensed on 
admission re-evaporating due to getting heat from the cylinder 
liner and the piston, &c.* The loss of pressure between the 
two cylinders is from 6 to 8 lbs., and is rather more than we 
usually find in well-designed engines. Wire-drawing also takes 
place in the low-pressure cylinder, although not to such a great 
extent as in the high-pressure cylinder. ’ 

Fairbairn’s Saturation Curve. —When sufficient data cannot be 
obtained to reduce the volume of the saturation curve to that of 
one pound of steam, the diagrams may be drawn °to the same, 
scale, and the saturation curve drawn from the point of cut-off, Oj 
by a simple geometrical construction. This is founded on the 
formula of Fairbairn and Tate for the expansion of saturated 
steam given in the last lecture, (v - 41)(p + -35) = constant = 389. 



Fig. 13.— Method of Constructing Fairbairn’s Saturation Curve. 


The diagram shows how this may be done. Lay off 0 A 
on the line of volumes equal to *41 cubic foot, and from A 
measure A X off below OV = -35 of a pound pressure, and 
draw new axes of pressure, and volume X F x and X V v and on 
these axes describe an hyperbola. The hyperbola considered 

^ * Steam when passed through contracted and tortuous passages,’so as to 
be reduced in pressure or “ wire-drawn,” Leoomes more or leu superheated 
by the friction of its molecules, heat being the direct result of the work 
■pent on friction. Thia may also account for some of the rise. 
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relatively t6 old axes Will be the curve of saturate^ steam, 
and, although it does not coincide exactly with Rankings curve, 
it is Sufficiently near for all practical purposes. To find points 
on the hyperbolic curve, the following construction is the 
simplest Take any point, B, between 0 and D, and join it 
with X. Where B X cuts the vertical line, C E (through the 
point of cut-eff,• 0), draw a horizontal tine, F G, cutting the 
perpendicular let fall from B to G, then G is a point on the 
curve. By finding a number of points in this way, the whole 
Saturation curve may be drawn as in the next figure. 

Combined Diagrams of a Triple-Expansion Marine Engine.— 
We pointed out in a former lecture, that the principal ad¬ 
vantage of compound over simple expansive engines is, that 
the cylinders are not subjected to such great variation of 
temperature, and therefore, the loss from liquefaction in the 
cylinders is less. With steam pressure of from 60 to 100 lbs. in 
compound engines, the expansion is carried out in two cylinders 
only, but wken that pressure is exceeded, the difference of the 
initial and final temperatures of the Bteam in each cylinder 
becomes so great, that three or more cylinders are required to 
expand the steam efficiently. The diagrams from the engines of 
the S.S. “Aberdeen,” designed by Mr. A. 0. Kirk, of Messrs. 
Robert Napier & Sons (which were among the first triple expan¬ 
sive engines constructed), are shown on the previous page drawn 
to the same scale. These diagrams show that there is very little 

loss of pressure between the cylinders, and fit in very well with 

10 

the expansion curve P V •' Very little re-evaporation takes 
place since the range of temperature in each cylinder is small.* 

* The S.S. "Aberdeen” is an iron ship, built in 1881 for MessraOeoi^e 
Thompson ft Coy.’s London-Australian trade, by Messrs. Robert Napier 
ft Sons, Glasgow, to the highest class at Lloyds—350 ft. by 44 ft. by 33 
ft. The engines were supplied with steam at 125 lbs. pressure from two 
ordinary double ended boilers, with no superheater, constructed entirely of 
steel, with six of Fox’s corrugated furnaces in each, the total heating 
surface being 7,128 square ft. The cylinders were three in number, being 
30 in., 45 in., and 70 in. diameter respectively, by 4 ft. 6 in. stroke. The 
high-pressure cylinder was not steam jacketed, the second was steam 
jacketed, with steam of 50 lbs. pressure$ and the low-pressure one with 
steam of 15 lbs. above the atmosphere. On the official trial 2,000 tons of 
dweight were put on board, and a test made for the consumption of oOal 
on a six hours’ run at 1,800I.H.P. The result was a consumption of 1*28 
lbs, of Penrikyber Welsh coal per indicated horse-power. 

See The Proceeding* of the Institution of Naval Architects , 1882, for Mr. 
Kirk’s paper “ On the Triple Expansion Engines of the S.S. 'Aberdeen,'” 
and for a paper “On the Economy of Compound Engines,” by W. Parker 
Chief Engineer D f Lloyd’s Register, with disonssions thereon. 
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^ Line of Vo/umea 

* Fairbairn & Tate's curve. + Adiabatio curve. 

Fig. 14. —Combined Indicator Diagrams prom the Triple-Expansion 

Engines op the S.S. “ Aberdeen.” k 

Graphic Representation on the Indicator Diagram of the Water 
present during Expansion.—Professor Ewing in his book on 
The Steam Engine states, that the whole quantity of steam a/nd 
water present dwrvng expansion^ is the oushioned steam plus the 
u cylinder feed.” The quantity of steam which passes through 
the cylinder per stroke is the weight of steam admitted during 
each stroke up to the point of cut-off, which he terms the 
u cylinder feed." 

%o estimate the amount of oushioned steam, he takes on the indicator 
diagram a point after compression has begun after the exhaust valve 
* has become completely closed), and he notes xhe pressure and he volume 
-there, remembering that the true volume is the sum of the inoompleted 
portion pf the stroke plus the clearance. From this pressure and volume 
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the‘quantity of tbi cushioned steam is readily calculated, assuming that 
the steam is simply saturated and that no water is present when compression 
begins . As a rule, this assumption is probably correct. Occasionally the 
cushioned steam may be wet (which would make its weight or amount' 
greater)^ but in most oases the supposition that the steam is dry when 
compression begins, may be accepted as involving] at least no serious error. 
The total quantity of steam in the cylinder during expansion is next found 
by adding thp amount of this cushioned stean^to the “ cylinder feed.” A 

dry saturation curve (PVH = constant) can then be drawn on the indicator 
diagram, to show the volume which this total quantity would fill if it were 
dry and saturated, at each pressure reached during the expansion. 

For example, take the following reduced diagiam which he took from 
a small engine of the marine type. Here the line, S S, is the dry saturation 
curve, which is drawn with the ordinate 0 to 60 lbs. as its origin, to the 
left of the diagram which the indicator traced, by a distance which repre¬ 
sents the volume of the cylinder olearance. 

If a horizontal line, A B S, be drawn to intersect the expansion curve 
at any point B, then AB represents the actual volume which the 
expanding mixture filled at the pressure OA; and AS is the volume 
which it would have filled had it been dry saturated steam, whilst B S 
represents the^Volume that is lost due to wetness. Hence, the proportion 

of water in the mixture is sensibly and the dryness fraotion x = -j-g. 

Thus, the proportion of water present at any stage of the expansion may 
be similarly determined. 



Eia. 16.— Representing the Quantity of Steam and Water Present 
during Expansion in a Simple Condensing Engine. 


In the engine in question he found, that the amount of 1 ‘cylinder feed” 
per single stroke was 0*0404 lb. The pressure at the compression point, 
C, was found to be 4 lbs. per square inch absolute and the volume was 
0*12 cubio foot. Since the volume of 1 lb. of steam at that pressure of 
4 lbs. is 90*4 oubio feet, it follows, that the amount of oushioned steam was 
0*001$ lb. This gives a total of 0*0417 lb., for which the saturation ourve, 
SS, was drawn. By measuring values of BS/A8 at points along the 
curve, it was found that the proportion of water in the ifuxture was 82 per. 
cent, at cafe-off, then increased to about 58 per cent, during the early * 
stages of expansion, became less, and finally qank to 37 per cent, just 
before release took place. 
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'The student mil note from this , actual case, that in small' 
tfnjacheted engines the amount of water present in steam at 
And immediately after the point Of cut-off may be fully 60per 
cent, of the weight of dry steam taken from the boiler. This 
> faot is not generally recognised or understood by steam users, 
but it most undoubtedly accounts for the great benefits derived 
from so superheating steam > that it shall remain perfectly dry 
up to the point of cut-off, or even to the end of the stroke. 

When dealing with compound engine diagrams, Prof. Ewing 
says, it is better to modify the construction of the previous 
figure by separating the cushioned steam from the cylinder 
feed and drawing the diagram for the latter. The reason for 
this modification is, that the amount of cylinder feed is the 
same for both or all the cylinders, whereas the amounts of 
cushioned steam may be different in each cylinder. This allows 
a combined diagram to be drawn for the several cylinders along 
with one saturation curve.* 

It will be observed, that this new method has net been 
followed in the combined previous curves of H.M.S. “ Boadicea” 
and S.S. “Aberdeen;” for there —as is usual in ordinary marine 
practice—the saturation curves have been drawn on the 
assumption that the steam was dry at the point of cut-off; 
and further, that the amount of substance which is taking 
part"*ln the expansion is the same in the different cylinders. 
Consequently, a single saturation curve cannot properly apply 
to all the cylinders unless the above method be followed. In 
fact, the proper position of the saturation curve for each 
oylinder of these two engines should be further to the right 
hand by the amount of liquified steam in each cylinder. 

Gain in Lbs. of Steam per I.H.P, due to Snperheating.f—It will 


* See Proe. Inst Q. E ., vol. xeix., 1889-90, for Prof Osborne Reynolds’ paper 
on ** Tests of the Triple Expansion Engines ” at Owens College, Manchester. 

tl am indebted to Mr. E A Reynolds, M A., of Messrs Willans ft 
Robinson's Soientifio Staff, Rugby, for the original curves from which 
FigS. 16 and 17 have been reproduced, and to his paper on “ The Economy 
of Superheated Steam” recently read and discussed before the Rugby 
Engineering Society foi certain data. 


Data 


Indicated horse-power, 

Mean pressure in lbs. reduced to \ 
the low-pressure cylinder, . . j 

Revolutions per minute, 

sure in lbs. by gauge. 



aotium in inches,. 


Simple Non 

Compound 

Triple 

condensing 

Condensing 

Condensing 

Engine. 

Engine. 

Engine. 

17*15 

346 

315 

38*64 

60 

36*56 

450 

350 

360 

65 d 

164 

"162 

•3 to '$5 


*»• 


27 

28‘2 
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bo both interesting and instructive at this stage to consider the 
actual gain in the weight of steam required by a certain class of 
engine due to superheating the steam to different degrees F, 
above that of dry saturated steam of the same pressure. It 
will be seen from an examination of the three curves in Fig. 16 
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Fig. 10.— Curves showing the Percentage Gain in Feed-water, or 
Steam used per I.H.P.-hour due to Superheating the Steam, 
with Messrs. Willans & Robinson’s Simple, Compound, and 
Triple-expansion Engines. 


that the percentage gain in the feed-water supplied to the boiler 
or in steam used, increases much more rapidly with the simple 
non-condensing engine (up to a certain degree of superheat) 
than with either the compound or the triple-expansion engine. 
The author is sorry that he has not got the data for the simple 
condensing engine. It is evident, however, that the curve for 
such an engine would lie on the diagram somewhere between 
that of the curves for the simple non-condensing and the com- 
pound-condensing engines; because, it might be taken as a 
general rule, that the greater the economy which an engine 
showed without superheating, the less would be the percentage 
gain by aid of superheating. 


10 
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* * 

It .will be observed from the inclination of the curves/ that a 
qtiicker increase of gain was obtained at the lower degrees of 
superheat than at higher temperatures. This leads to the 
conclusion that there is not much gain as a whole by super¬ 
heating steam to a higher degree before it enters a cylinder, 
than will just enable it to exhaust in a dry condition from that 
cylinder. Consequently, it would appear from this feet, and 
also from the other circumstances to be referred to later on, 
that instead of applying such a high degree of superheat aB, 
say, 200° F., to high-pressure steam before it enters the first or 
high-pressure cylinder of multiple-expansion engines, it* would 
be better to simply superheat at first, by 100° to 150* F., and 
then to reheat the exhaust steam from each cylinder by just 
the required amount; except, of course, the last or low-pressure 
exhaust, which is in connection with the condenser. From Mr. 
Reynolds’ tests it appears, that very little difference in per¬ 
centage gain was obtained with triple-expansion over that of 
the same class and power of compound engines with the same 
initial steam pressures and the same superheats. The gain in 
each case varied, of course, with the point of cut-off, or ratio of 
expansion. But, taken generally and roughly, it appears, that 
for a fixed cut-off in all the cylinders, the consumption lines at 
different degrees of superheat form a series of convergent 
straight lines, as shown by Fig. 16. Under these circumstances, 
it may be considered, that a simple non-condensing engine using 
superheated steam, could be made to work as economically as 
a condensing one at the same revolutions and power, when 
supplied with dry saturated steam. Also, a simple condensing 
engine should be equal to a compound one, and that it would 
be scarcely worth while to employ triple-expansion engines as 
far as economy, simplicity, and sweet working was concerned, 
when their extra complication, first cost, and upkeep was taken 
into consideration. If the superheat were high enough to let 
the steam be still dry at the exhaust of the intermediate 
cylinder of a triple-expansion engine, then the same economy 
<t in steam could be obtained bv using a compound engine with 

correspondingly early out-ofl to give the same expansion. Of 
course, with the triple, there would be less exchange of heat 
between the metal of the cylinders and the steam thah in the 
compound engine, due to the smaller range of temperature in 
each of the three cylinders. This would, however, entail 
* perhaps an inconveniently high initial temperature in the 
first cylinder, and hence, aB we said before) it would be better 
4^ reheat the steam in the intermediate receiver. This may 
f .be done bp passing live, highly superheated .steam, through 
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a coll fixed in the intermediate receiver on its way to the first 
cylinder steam* cheat, "which it would enter at a conveniently 
lower degree of superheat. 

Gain in B.T.U. per I.H.P. Due to Superheating _Results given 

in lbs. of water per I.H.F.-hour when using superheated steam 
are misleading, from the fact, that such a statement does not 
' take intb account the extra heat u&its imparted to the steam 
by superheating it. It has been suggested that a better com- 

E arison would be the number of lbs. of coal burned in the 
oiler furnace per I.H.P.-hour. But, it is well known, that 
coal varies much in calorifio value, and boilers in efficiency. 
Consequently, this common but somewhat rough and ready 
method should be discarded when accurate and scientific com¬ 
parisons have to be made. A more exact method would be to 
give the total heat units supplied to the water per I.H.P.- 
hour. In applying this method it is generally assumed, that 
the feed-water is at, say, 100* or 200’ F. These are, however, 
mere arbitrary feed-water temperatures, which might be 
specially applicable to certain installations, but could not be 
recognised as fixed standards. The author, however, believes, 
that if the results were reckoned in B.T.U. supplied to the feed- 
water from 32° F. or from 212° F., a fair and uniformly 
applicable start could then be made from one or other of these 
two fixed temperatures. It would be most convenient to start 
from water at the higher fixed temperature of 212° F, because, 
as we saw in a previous lecture, the evaporative efficiency of 
boilers is reckoned by the lbs. of water which they generate 
into steam from and at 212* F. 

Taking the case of the simple non-condensing Willans A 
Robinson’s engine, it was found that when using steam of 65 
lbs. pressure per square inch by gauge, or 80 lbs absolute in 
the steam chest, with a cut-off at *3 of the stroke, a gain of 
35 per cent, in the weight of steam resulted by superheating 
it 200’ F., with a consumption of only 20 lbs. of steam per 
I.H P.-hour. (See the uppermost curve in Fig. 17.) Now, 
if 35 per cent, were the gain in this case, due to superheating, 
what would be the lbs. of steam per LH.P.-hour, at the same 
pressure, out off, and revolutions per minute, when supplied with 
ordinary dry saturated steam 1 Here, 100 per cent. - 35 per cent, 
(gftin) leaves 65 per cent, used when superheated, what weight of 
Steam would be required when it was saturated 1 Hence— * 

(Superheated) j (Saturated); s (Weight superheated): (Weight saturated),,, 

W% 5 100%*!: 20 lbs. : *lbs, 

x — 30-8 lbs. 


• • 
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Seotional Elevation—Marshall’s Compound Engine and Boiler. 
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water from 212° F. due to superheating, instead of the previously 
measured 35 per cent* gain in lbs. of steam used per I.H.P, In 
all cases, as shown by Fig. 17, it will be found that the 
difference between these two systems of estimating the gain due 
to superheating, increased with the v superheat. When testing 
engines using superheated steam, it will be found interesting 
ana instructive to plot down curves of their percentage gains by 
both methods. 

The author has put the previous proportion sums into a simple 
formula for ascertaining the percentage gain in B.T.U* given to 
feed-water due to superheating in the following way.* 

Let H* tt ss Heat units per lb. of superheated steam from temp, of feed- 

water to temp, of superheat. 

t> H*a ss Heat units per lb. of saturated steam from temp, of feed- 

water to temp, due to pressure, p, in lbs. per square inch 
absolute at the steam ohest. 

«i W tu = Weight of superheated steam used per I.H.P.-hour at the 
• stop-valve pressure, p, and temp, of superheat. 
t> W*» = Weight of saturated steam used per I.H.P.-hour at pres¬ 
sure p. 

Then, Percentage gain in B.T.U. \ _*nn /100 H w . V w \ 
due to superheat J ~ V H ift ~ W ta )' 

But, H*« = (H—S) (see Lectures VII. and IX.). 

Where H = Total heat in B.T.U. per lb. of feed-water from 32° F., as 

found from Table II. on “The Properties of Saturated 
Steam,” up to and at pressure p. 

And, S = Sensible heat in B.T.U. per lb. of feed-water from 32* F. to 

temp, of feed, tf. Or, S = (tf - 32*). 

Also, Hsu = Haa+Ho-^Ju (see Lectures IV., VTL, and XI.). 

Where Hg. = 0*48 the specifio heat of steam and tin = superheat at steam 
• ohest in degrees Fah. 

Substitute these values in the above formula;— 


Then, % gain — 100 - 


f 100[H - (fr- 32°) + H, t m ] W m 

X [H - {e f - 32°)] W M 



Taking the same test and values as in the previous example for the 
simple non-condensing engine, where p = 80 lbs.; H s 1,177 B.T.U.; 
tf = 212°; H* = *48; & = 200°; W= 20 lbs.; and W M = 30*8 lbs. 


Then, % gain. 
Or, % gain 


rnn f 100 [1,177-(212-32)+ -48x200120) 

t L1.177-(212-32)] 30-8 J * 


* This formula was devised by Professor Jamieson for the discussion on 
Mr. F. J. Rowan’s paper on “ Superheated Steam. 11 Sbq Proc. Inst . Shuts* 
and Shipbuilders in Scotland, voL xlvii., February, 1904. 
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The gain in B.T.U. is therefore 28‘8 per cent*, as found before 
and from the test of Willans & Robinson’s simple non-condensing 
.engine, with a superheat of 200° F. 

It will be seen, that the only variables in this simple formula 
are And Wj«. Consequently, a constant can easily be found 
for the other values. The various calculations can, therefore, be 
quickly worked out for ofte complete set of trials at*different 
degrees of superheat, their results marked on squared paper, a 
mean curve drawn through them, and comparisons made with 
tests of the same or of other engines for any agreed-upon tem¬ 
perature of the feed-water.* 

The Effects of Raising the Superheat on the Indicator Card and 
on the Economy of Steam.—As an illustration of these effects,, 
we reproduce the two mean indicator cards obtained by Prof. 
Ewing during his 1899 tests of the Schmidt superheater plant, 
to which we referred in the previous lecture when dealing with 
the “ History of Superheating.” The engine was horizontal, 
single-acting one, with two side by side cylinders and the cranks 
at 180* apart. The pistons were 70*9 inches diameter, with a 
stroke of 11*8 inches, and a speed of about 176 revolutions per 
minute. The engine was made to work against a brake, and the 
B.H.P. was measured simultaneously with the I.H.P. The 
exhaust steam was collected in a surface condenser at atmo¬ 
spheric pressure, whilst the condensed water was weighed as 
well as the feed-water. The feed-water was 6 per cent, greater 

* Since writing the foregoing and on going to press, I have just 
received the kind permission of The Institution to quote from “The (1898) 
Report of the Committee on the Thermal Efficiency of Steam Engines,” 
appointed by The Institution of Civil Engineers, where they state 

“(1) That the statement of the economy of a steam engine in terms of 
pounds of feed-water per I.H.P. per hour is undesirable. 

“(2) That for all purposes, except those of a scientific nature, it is 
desirable to state the economy of a steam engine in terms of the thermal 
units required per I.H.P. per hour (or per minute), and that if possible 
the thermal units required per brake H.P. should also be given. 

44 (3) That for scientific purposes the thermal units that would be 
required by a perfect steam engine working under the same conditions 
as the actual engine should also be stated. 

“The proposed method of statement is applicable to engines using 
superheated steam os woll as to those using saturated steam, and the 
objection to the use of pounds of feed-water, which contain more or lesB 


“For scientific purposes the difference in the thermal unite per LIJ.P. 
required by the perfect steam engine and by the actual engine shet/a the 
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A. farther gr§at advantage of the proposal is that the ambiguous term 
‘ efficiency ’ is not required.” 
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Fig. IS.'-Indicatob Cards from the Same Engine with Two 

Different Degrees of Superheat. * 
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than the exhaust steam collected in the condenser* This was 
probably due in part to the leakage of steam past the piston 
rings through the open ends of the cylinder. 

In the upper diagram, the pressure between the stop valve 
and the inside of the cylinder fell from 110 to 102 lbs., whilst 
the steam in the cylinder is shown to be wet throughout," by the 
distance between the saturation curve and the expansion side of 
the card. Also, the steam contained about 24 per cent, of water 
at cut-off and about 18 per cent, of water just before release. 

In the lower diagram, the pressure between the stop valve 
and the inside of the cylinder fell from 126 to 118 lbs., whilst 
the steam in the cylinder remained dry and almost coincides with 
the saturation curve throughout the expansion. It is very 
little superheated during the early stage of the expansion, 
whilst it becomes saturated shortly before release. It there¬ 
fore appears, in this small open-ended, unjacketed engine, 
with a cut-off at about $ of the stroke, that the coolidg action of 
the cylinder walls is such, that a superheat of 320° F. only 
suffices to make the steam dry at cut off and to keep it so during 
expansion. Whereas, a superheat of 186° F. does not prevent 
the steam from containing no less than 24 per cent, of water at 
cut-off, due to initial condensation and other causes. 

This lesson, to engineering students, is a startling revelation, 
and shows most conclusively, that although the thermo-dynamic 
efficiency of highly superheated steam is relatively small, yet the 
benefits derived therefrom are chiefly threefold:—(1) The pre¬ 
vention of initial condensation; (2) the prevention of alternate 
condensation and re-evaporation in the cylinder; (3) that, with 
such leaky moving parts as trunk pistons, plain pistons, steam 
and exhaust valves without springs, the leakage of steam past 
these sliding surfaces is much less with highly superheated steam 
than with medium superheats, or with dry saturated steam. The 
B.H.P. increased nearly 18 per cent, with far less than this 
increase in mean steam pressure. This is, however, not the 
best result which Professor Ewing obtained from an engine 
using highly superheated steam on the Schmidt system, for in 
1903 he got the remarkable figure of 9 lbs* of steam per I*H*P.* 
hour. 
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N The Planimeter.* —It is frequently necessary for engineers to 
ascertain the areas, and mean lengths or breadths of irregular 
flat figures, such as plans of properties, countries, ships, and dia¬ 
grams of work done by engines, dynamos, and other machines. 
In order to explain how such areas and mean heights may be 
obtained by aid of this instrument, we shall first of all describe 
the construction and action of Amsler’s Planimeter and the 
method of reading its scales. 



Fio. 1 .—Ambler’s Planimeter and its Recording Mechanism. 


Amsler's Planimeter .—From Fin. 1, it will be seen that this instrument 
consists of two metallic arms or bars, A and C, hinged together at H on 
the sleeve, S. One arm, A, carries, at its free end, a weight, W, and 
a needle point, P, which acts as a fixed pivot for the instrument. The 
Other arm, C, carries a tracing point, T, with which the outline of any 
figure to be measured is traced, whilst the third supporting point consists 
of the roller, R, on which the whole freely moves over the aiagram. 

By referring to the enlarged Fig. 2, the details of the counting mechan¬ 
ism will be better understood. The roller, R, carries a drum, D, which is 
graduated to record the area traced by the point, T. There is also a set 
pin, p (Fig. 1), with adjusting nut and screw, by which the arm, C, may 
oe fixed to the sleeve, S, at any desired position to give a convenient scale. 


* I am indebted to the Crosby Steam Gage and Valve Company’s 
American Indicator Pocket-Book for four of the first five figures in this 
article. There are many kinds of planimeters or integrators of areas, as 
will be seen from a perusal of Prof. Hele Shaw’s paper on “Mechanical 
Integrators,” read before the Inst.C.E. (see Proc. f voL lxxxii., paper 
No. 12,063). I have chosen the Polar Planimeter, invented by rrof. 
Amsler-Laffon, for description here, because it is the one now mpst 
commonly used by engineers for ascertaining the areas and mean pressures 
of engine indicator diagrams. 
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Recording Mechanim.-Tho second figure shows in detail th# reading 
mechanism of the planimeter. The drum, D, of the roUer-wheel> R, is 
divided into 10 equal and larger parts numbered 1 to 10. Eaoh part Or 
number represents one square inch for a certain position of C m S as 
shown at K. The distances between eaoh of these 10 numbers are sub¬ 
divided into 10 equal parts, each one of .which represents oftedenih of a 
square inch. The vernier, V, has 10 divisions, each.of which, is one-tenth 
less than any of the 100 on D. Consequently, if one division on V 
exactly coincides with another on D, the distance—counted from zero— 
represents bo many hundredths of a square inch. 

The graduated wheel, G, is geared to the roller, R, in such a manner 
as to rotate once for ten revolutions of R. The face of this *wheel is 
divided by radial lines into ten equal and numbered parts, eaoh -one of 
which represents ten square inches. It therefore indicates the revolutions 
of the roller wheel, R. 

Method of Reading the Scales —Now, supposing that a certain area has 
been measured from zero, the result may be read off as follows 

(1) Find the numbered radial lmo on G (Pig. 2) which has just passed 
the mark line on the fixed arm, d. Say it is 1. This represents ten. 



Fig. 2.—Recording Mechanism of Amsle&’s Pjlanimbteb, 


(2) Find the number on the drum, D, which has passed zero (or 0) on the 
Termer, V. Let this be 4. This represents 4 units. 

(3) Further, let the number of subdivisions over 4 be 7, as shown by the 
dotted line, a. This 7 thorefore represents ^ or *7. 

(4) Find the graduation number on the vernier, V, which exactly coin¬ 
cides with a division line on D. Let this be the third one from zero. It 
therefore represents 3 hundredths . 

Thep, as a whole, we have 14*73 square indies as the complete reading 
which represents the full area of the figure that has been traoed in outline 
by the point, T. 

If the movement of the roller wheel, R, had been 3 one-hundredths less, 
its seventh graduation would have coincided with tho zero of the vemi6r ft 
V, and the reading would then have been 14*70 instead of 14*73, 






Direction for Using Amsler s Plammeter—Thu pianimetw is a 
precise and delicate instrument It should be handled tod kept with 
great oare in order that St may be depended upon to give accurate results. 

It is also necessary to have a flat , even, unglazed surface for the roller 
wheel , R, to travel upon. A piece of dull finished cardboard will serve the 
purpose very welL 

To fled the Area of a Figure with the Planimeter. —(1) Plaoe the instru¬ 
ment on the drawing m the position shown graphically by Fig. 3, so as to 

allow perfect freedom of motion in every 
direction in which it requires to move. 
Place the weight at P, and press the 
needle-point down gently, so that it will 
just stick to that place. 

(2) Put the point of the tracer, T, upon 
any given point in the outline of the figure. 
Do not waste time in attempting to set the 
scales to zero, but take the initial reading, 
as previously directed, wherever they hap¬ 
pen to stand. Follow the outline of the 
figure carefully with the tracer-point, T, 
by moving it in the direction indicated by 
the arrows until it returns to the starting 
point. That is, move from Tj to T* to T* 
to T 4 back to Ti. Then the scales must 
be read off for the final reading, and the 
difference of the two gives the area, pro • 
vided P lies outside the figure. 

1V.B ,— Great care must be taken to have the instrument in its proper 
position for tracing the outline of the figure before taking the initial 
reading. Also, the final reading should be taken as soon as the tracing 
is completed, because the least movement of T will change the result. 

To measure Indicator Diagrams with the Planimeter. 

1. To obtain the Area in Square Inches .—By referring to Figs. 1 and 2, it 
will be observed that there are vertical numbered marks on the front side 
of the bar, C. Now, when set pin, p, is slackened, the bar, C, may be 
pulled out or pushed through the sleeve, S, until the line mark, K, on the 
right hand of S is opposite to a vertical numbered mark on the side of C. 
For example, if we desired to measure the area of the diagram in square 
inches, the line at K should be brought fairly opposite the line marked 
10 Bquare inches on C; because, one oomplete revolution of the roller, R 
(which is 2 5 inches in circumference), will indicate 10 divisions or 
10 square inches on its drum, D. Then tighten the set-pin, p. The exact 
distance between the tracing point, T, and the hinge, H, will now be 
4 inches—t.e., the radial length of the arm, C, is 4 inches, and the distance 
between the two upper pointed pins, L to Z a , will also be 4 inches. 

Now, by running clockwise round the diagram with T (as indicated by 
the arrows in Fig. 4, in the manner previously described), the difference 
between the initial and final scale readings will indioate the area of the 
diagram in square inches— 

For, (Length of arm, C) x (Circumference of R) = Area of diagram* 

4" x 2*5" = 10a inches. 


T« 



Fig. 3. — To Show how 
Abbas abb Tbaobd and 
Found by the Plani- 
MBTBB. 
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be placed close alongside of them to gqida 
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Fio. 4 .—Finding tiie Area or an Indicator Diagram. 


, 'L, T ° oht f} n th ? Average Height or Mean Pressure of a Diagram.- 
(a) olaoken the set pin.p, and push m or pull out the bar, C, until the twi 

S ^ { ° n Ti 6 4 ?[ ^i 6 sl ® eve > ®) “d 4 (on the upper aid, 

t c ly f mdo off the len e th of the diagram between then 
along the atmospheno line, or parallel to it, as showh by Fig. 6. Th( 
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final adjustment is made by the little nut and screw seen under the pin, 
p% in Figs. 1 and 6, after the set pin is tightened. With this adjustment, 
the figures on the counting disc, G, represent hundreds, those on the roller 
disc, u, tens, and each of its finer 100 divisions units, whilst the vernier, 
V, will give the decimals. 

{b) Place the instrument in the position shown by Fig. 4, and trace the 
outline of the diagram as previously directed. The difference of the 
readings wjfl be its average height in fortieth* of an inch.* 


S|nce, of j- x (Length of diagram) = Area of diagram. 

4-d, W* motto of j. x (Distance, l t to /■) = 


• • 


(Net reading on D) x (Arm, C, or H T) = ,, 

Since the distance between l\ and is always equal to length of arm, C, or H T, 

A verage height of diagram = A et reading on D. 


# » 


Suppose, thflt after measuring the diagram, we read from the figures on 
the roller disc, D, and its intermediate divisions, and from the vernier, V, 
also, 3, 5, and 2 respectively. Then, we have 35*2 fortieths of an inch, 
which, divided by 40, gives *88 of an inch as the average height. This, 
multiplied by the scale of the spring used (which in this case we assume 
to be 00 lbs per lineal inch), gives 52 8 lbs. as the mean effective pressure per 
square inch on the engine piston area. A simple method is to multiply the 
reading by the factor corresponding with the scale of the spring, which, 
for a 60-lb. spring, is (60 -f- 40) = 1 *5. 

Or, Mean pressure per square inch = 1*5 (mean height of diagram). 

3. To obtain the Mean Effective Pressure of Looped Diagrams .—When 
taking indicator cards of engines, instances occur where the baok pressure 

line rises above the forward pressure 
line, due to excessive compression. 
Then, part of the indicator diagram 
is positive while the other part is 
negative, as shown in Fig. 6, by 
the batched and unhatched por¬ 
tions respectively. Consequently, 
we must have the area of the 
unhatched portion deducted from 
that of the hatched portion when 
the mean effective pressure is calcu¬ 
lated. In order that the planimeter 
should effect this deduction auto¬ 
matically, the tracer-point, T, should be caused, in traversing the loops 
and lines, to move upon every portion of them in the same direction as 
that in which they were drawn upon the paper by the indicator-pencil. 



Fig. 6. — Finding the Mean 
Effective Pressure from a 
Looped Diagram. 


* Since the roller, R, is 2*6 inches in oircumferenoe, and its scale on 
drum, D, is divided into Q0 x 10) 100 equal parts, each of these fins*, 
divisions must represent (2 5 4-100) » fa inch. 
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Mathematical Explanation of Amsler'g Plammeter -lW d®#** 

and clearest mathematical explanation of Amsler’s Plammete* which I 
have aeon* is to be fotind in The Philosophical Mtxga/zme, vol. xlviii., irourtn 
Series, by F. P. Purvis.* I have altered hie index letters to corcespond 
with those indicating the same parts in the previous figures and added Fig* 
10 to illustrate the latter part of his explanation. 



Fio. 7.—-To Find tjie Travel op a Simple Bar, Tx Hi. 

Suppose that the instrument consisted simply of the straight bar, TjHi, 
of length, 1, carrying a pencil at each end, Tx and Hx; and, suppose any 
lines, TxT a and Hi H a , to bo traced out by these two pencils. Then, let 
us consider how the area, TiT 2 H a Hi, may be expressed in terms of the 
length, l, of this bar, and the motion of some point in the same. 

Lot the motion from Tx H 3 to T a H a represent an elementary motion of 
the bar, the centie of it Rj, moving from Rx to R a , and the bar turning 
about R a through the angle (d 0). Let (dn) be the normal distance from R a 
to Tx Hj. This motion may be considered to take place in two parts s— 
1st, the motion of T 3 Hi parallel to itself into the position, th. 

2nd, the motion of Tj Hi when at th about R a into the position, T a H a . 
The required area, TxT a H a Hi (in this elementary motion), is equal to the 
area, Tj $ A H^ But this area is also equal to l {dn), since the area, 
R*Tg t ss the area, *R a H a h t and the areas, TxT a t and Hi H a A, are 
negligible with respect to l (dn), being the product of two infinitesimal 
quantities, while l(dn) *s the product of one infinitesimal quantity (compar¬ 
able with each of the two just mentioned) and the finite quantity, l* 

Integrating for the whole area, TiT$ H a Hi, we see, that it is expressed 
by U x n), where n is the travel of the point, Rj, normally to the bar, Ti H*. 

Nqw, we may obtain that normal motion, n, by centring a wheel on the 
bar at Ri, free to revolve in the plane at right angles to T x Hi, and resting 
at its oiroumference on the paper. That, ra, is given by the circumferential 
motion of this wheel, may be seen by again considering the elementary 




-a—u 


* Prof. Pul^is was Senior Whitworth Scholar in the first competition of 
“* *“ *“ present Professor of JSTaval irt-hiteotwe at the Imperial 

to, ^Tapan. 
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motion of the bar feign Tj Hj to While the bar moves frotnT,H* 

to th, the wheel turns through the normal distance from R* to T\ H x . 
While the har turns about the point* R*> the wheel remains stationary. 

If, instead of centring the wheel at R i# we oentre it at any other point, 
say 9 S, which may be at a distance, m, from Rj, then its circumferential 
travel for the elementary motion will be the normal length from r ? to 
Tj Hj, or {dm)-m(dO) And, for the whole motion fromTi Hi toTgHg, 
♦’•ave^will be -m0), where 0 * the inclination of Tg H a to Ti Hi. 



Fro. 8 .— Showing Retrograde Motion of the Bar from Tg Hg to t 4 h 

Jf a retrograde motion be now given to the instrument, bringing it ;nt 
the position, T4H4, the product (l x n) will still equal the area include 
between the two curved lines (TiT gT4 and Hi Hg H4) and the two straigl 
lines (Ti Hi and T 4 H 4 ) Part of this area is shown negative, 03 
(Zxn) =5 (TiT a T4/Hi -/H3H4) If, instead of allowing Hi to take an 
path, H 8 H 4i we constrain it to move only along the line ah ea/ly traced, whil 
Ti traces out a new line, T 3 T 4 , then the negative area will be ml and tJb 



Fig. 9*—Constrained Motion of One End, Hi, of the Bab, Ti Hi# 

product# xn) Will equal thl area, TiT s T 4 H 4 H„ It this motion be con* 
^nued, Hj being always kept in the path, H$ H 4 Hj, until T* H* occupies 
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its initial position, the product (l x n) will equal the area, T 1 T 3 T 4 T 1 , what¬ 
ever be tne nature of the line, Hi H 4 H a . Also, for the whole motion 
B =s Of so that the circumferential travel of the wheel at r x is equal 
to n, and is entirely independent of the value of m. Now, in Amsfer’s 
planimeten the point, Hi, is constrained to move in the arc of a circle, 
while the pencil, Ti, is traced round the contour of the required area. 
This is simply a limitation of the more general and previous case, and, it is 
clearly shown by Fig. 10, where c the points, Hi, H a , H s , &c., move.to and 
fro along the arc of the circle whose radius is P Hi, whilst th® tracing 
point, T, describes the figure, TiTjTsT*, back to Ti. 



p 


Fio. 10.—End, Hi, of Arm, Ti Hi, is Constrained to Move along 

the Aro of a Circle. 


Also, the wheel whose travel is measured, is placed away from the centre 
of the bar ; in fact, on the opposite side of Hj, but, as we have seen, its 
position, so long as its contre is on the line, T* Hi,' is quite immaterial, for 
its motion in the aggregate is the same as if it were placed at Rj. 

In the planimeter the length, l, is capable of variation. By setting 
it differently, the same graduation on the wheel will give areas in different 
units, the unit of area being always l x the circumferential travel of the 
wheel required to alter its reading by unity. 

Those who are anxious to now study the mathematical proofs, as well as 
popular explanations of this and other kinds of integrators may consult:— 

(l) British Association Reports % 1872, p. 401, for Sir Frederic Bramwell’s 


paper. 

(2) The Philosophical Magazine, vol. xlviii., 4th series, July, 1874, for a 
piper by Sir F. P. Purvis, Wh.So., Ac., now at Japan University. 

(3) Proe. Inst. O.E., vol. lxxxiii., 1885* for paper on "Mechanical 
Integrators, M by Prof. Hele Shaw, of Liverpool University. 

*(4) Proe, Inst . Junior Engineers , Deo., lOOSfc for Mr. W. J. Tennant’s 
paper on " The Planimeter Explained without Mathematics.” 
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Lecture XVI.—Questions. 

1* Sketch in section and plan Watt’s original indicator. 4 Describe the 
instrument *and show how it was applied to obtain the mean pressure 
in a steam cylinder. 

2. Sketch and describe oonoisely the Crosby indicator. Point out how 
and Why it differs from other indicators with which you are acquainted. 

3. DraV the normal indicator diagram of a condensing engine, and trace 
the changes in outline produced by the principal causes which may, in 
practice, detract from the efficiency of the engine. 

4. Describe and sketch anyone form of steam engine indicator with 
which jou are acquainted. Why are modern indicators made more rapid 
in their natural vibrations and what means are taken to effect this object ? 
What sort of errors do we expect to find when an engine-driver takes dia¬ 
grams, and what are they due to? (8. & A., 1897, Adv.) 

5. The barrel of an indicator is 2 inches in diameter, and it vibrates 
through £ of a revolution. The area of the diagram is 3? square inches, 
and the motion of the pencil is 3 times that of the indicator piston. 
Taking the mean pressure of steam to be 174 lbs. per square inch, find 
what force corresponds to a motion of 1 inch of the spring. Arts* 67*5 lbs. 
nearly. # 

6. Sketch and describe an indicator for an engine of 250 revolutions per 
minute. Why are its requirements different from those for an engine 
running at 80 revolutions per minute ? Show how it is connected up and 
how a diagram is taken. (S. & A., 1898, H., Part i.) 

7. Enumerate the several errors to whioh indicators are liable. Why 
should the inertia of the moving parts of an indicator be a minimum ? 

8. Sketch and describe the several methods of obtaining the reduoed 
motion of the piston when taking indicator cards. State which you 
consider to be the best arrangements for giving good results, and why ? 

9. Give a dear, concise description of how you would take the indicator 
diagram of an engine, giving the necessary sketches to illustrate your 
answer. How would you attach the indicator to the engine cylinder, and 
why? 

10. A non-condensing engine is using steam at 42 lbs. per square inch 
above the atmosphere—the length of the stroke is 3 feet, and steam is out 
off at 1 stroke—draw an approximate diagram (scale A) marking points of 
release and compression, and showing the direction of motion of the piston 
by arrows. Find, by calculatiou, the mean pressure. Ana. 24*9 lbs. 

11. Draw indicator diagrams as commonly given in a double-acting 
engine, (1) of the condensing type, (2) when non-condensing. 

12. Draw the ordinary indicator diagrams as obtained (1) from the top, 
(2) from the bottom of the cylinder ot a single-acting condensing engine, 
and account for the difference in form of the respective diagrams. 

13. Show effeots of wire-drawing and of clearance upon an indicator 
diagram. What is the object of a steam-jacket ? In wnat way does the 
absence of the jacket affect the indicator diagram ? 

14. Show by sketches and explain the effects on an indicator diagram of 
(1) deficiency of lead; (2) deficiency of outside lap; (3) contracted long 
steam passages; (4) initial condensation; (5) leaky admission valves; 
(6) leaky piston; (7) too much inside lap; (8) leaky condenser. 

15. Explain and indicate on separate diagrams, by comparison with the' 
normal indicator diagram, the effect of (1) wire drawing on the admitt£m> 
of steam, (2) wire-drawing on the exhaust side, (3) a leaky slide-valve# 

17 
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( 4 ) a leaky piston, ( 5 ) the cushion pressure exceeding the p 
initial steam. In the last case, how is the area of the diagra , 

Further, if the dimensions of the parts and proportions of the. slide-valve 
are correct, but (a) the fixing of the valve on the valve-spindle is incorrect, 
( 6 ) the angle of advance of the eccentric is too small, and (c) the angle of 
advance oi the eccentric is too great, what would be the effect separately 
of (a), ( 6 ), (c) on the working ot the engine, and show their effect on. the 
indicator diagram. (S. & A., 1897, Hons.) 5 

16. Suppose you took an indicator diagram from a high speed engine 

going at 400 revolutions per minute ana found the admission and the 
expansion lino to be an up and down wavy line like Fig. 8 in this lecture. 
To what would you attribute this defect, and what would you do in order 
to obtain a smooth firm outline ? # 

17. Explain the operation of combining the indicator diagrams of work 
done in a compound cylinder engine, the object being to produce the 
diagram which would have been obtained if the steam had performed the 
same work by going through the same changes of pressure and volume in 
one cylinder. 

18. A compound condensing engine with cranks at right angles has 
cylinders of 20 inches and 85 inches diameter with 3 feet stroke. The 
high-pressure cylinder has a clearance of Vo and the low-pressure one 
of V* of the volume of their respective cylinders Dry saturated steam 
of 100 lbs. absolute is admitted to the high-pressure cylinder and is cut 
off at % stroke, whilst the cut-off in the low-pressure cylinder is at J stroke. 
Let both eylindors be well jacketed and the vacuum 28 inches. Draw the 
probable indicator diagrams and find the mean pressure in each eylinder. 
Plot down a combined diagram with the probable correct position of the 
saturation eurve and attach a scale of pressures and volumes to your figure. 

19. In a single acting engine it is necessary to take one indicator 
diagram from above and another from below the piston. Sketch each 
diagram in juxtaposition so as to form a single compound diagram, and 
explain generally the reasons for the different outlines of the diagrams. 
To what oause do you attribute the space between the diagrams ? 

20. How would you ascertain from an indicator diagram the probable 
percentage of condensed steam at cut-off and during expansion ? 

21. State and indicate, by a scale diagram with an example, why it is 
preferable to estimate the per cent, gain in B.T.U. per I.H.P rather than 
the per cent, gain in feed-wator or steam used per I.H.P. Analyse 
Jamieson’s formula given in this lecture, and state the oonolnsions of the 
Inst. C. E. Committee. 

22. Show by two diagrams the effects of supplying a simple non-con¬ 
densing engine ( 1 ) with dry saturated steam 5 ( 2 ) with highly superheated 
steam. State wheroby the economy chiefly arises in the latter case. 

23. What is a planimeter, and what are its uses ? Sketch an Amsler’s 
planimeter and give a descriptive index of its parts showing how it is used 
to ascertain the area and tlio mean pressure of an indicator diagram. 

24. How would you use an Amsler planimeter to find the mean pressure 
of a looped diagram ? 

25. Give a conoise, clear explanation with figures of how Amsler’s 
planimeter measures the area of a diagram of work. 

26. Sketch an indicator diagram suoh as might be expected from a non¬ 

condensing engine with a slide-valve. If the weight of water present 
during cushioning is known, and the feed water per hour is also known, 
slu)w now we find how muoh condensation or evaporation occurs during 
the expansion. (B. of B., 1900, Adv.) c ; * 
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the construction of an indicator and how it is used. Give 
a sketch of a specimen indicator diagram from a steam, gas, or oil engine, 
and describe what each part means. What sort of information is given to 
us by an indicator diagram ? (B. of E., 1903, Adv.) 

28. Sketch a typical indicator diagram for an engine in which the cut-off 
takes place at one-third the stroke by a single slide-valve worked by an 
f eccentric. Make a sketch of the section of the cylinder showing the valve 
in its middle position, and sketch also thq connections between the valve 
and cranx axle. (C. & G., 1903, 0., Sec. C.) 

2p. State what data you require in order to construct a mean diagram 
showing the amount of steam missing at any point of the stroke of a steam 
engine. Point out precisely what assumptions you make, and sketoh the 


30. A compound condensing engino, with cranks at right angles and an 
intermediate receiver, has cylinders of 14 and 24 inchos diameter respec¬ 
tively, each with a stroke of 36 inches. Draw the indicator diagrams 
which you would expect to obtain fiom the cylinders supposing steam of 
90 lbs. absolute pressure is admitted to the high-pressure cylinder and is 
cut off at half-stroke, the steam in the low-pressure cylinder being cut off 
at § stroke, and the condenser showing a back pressure of 4 lbs. absolute. 
Attach a scale of inches and pounds to your diagram. 

31. Suppofe that you started with an old “ steam eater” of an engine of 
the non-condensing, unlagged type, using ordinary saturated steam of 20 
lbs. absolute, running at 60 revolutions per minute, cutting off at 2 stroke, 
with a clearance of J of piston's displacement; and found, *by indi¬ 
cator cards, that it was using 100 lbs. of steam per I.H.P.-hour. If you 
applied to this engine the following improvements in succession, you would 
probably find the consumption of steam reduced by about the stated 
amounts. Calculate the percentage diminution in steam which each im¬ 
provement makes upon the previous case, and as a whole upon the engine. 
State clearly the several percentage savings in the form of a table, riot 
out ourves with percentages as ordinates, and lbs. of steam used per 
I.H.P.-hour as abscissae. Mention any omitted improvements and their 
percentage values. 

LbB. of Steam 
per 1.11 P.-hour. 

(1) Lag pipes, cylinder and valve casing, . • when you use 80 

(2) Increase pressure to 65 lbs. absolute and 

out-off i stroke,. „ 75 


(3) Increased speed to 100 revs, per minute, • ,, 70 

(4) Reduced clearance to -fo of piston's displace¬ 

ment, employing Corliss or drop-valve gear, ,, 60 

(5) Condensing .—Next adopt condensing with 

2 lbs. back pressure, .... „ 40 

(6) Steam Jacketing .—Next steam jacket the 

engine thoroughly,. „ 30 

(7) Compounding .—Next increase the initial 

pressure to 100 lbs. and adopt compound 

condensing to the best advantage, . „ 25 

(8) Increased speed .—Increase the r.p.m. to 300, „ 20 

(9) Triple expansion .—Increase steam pressure 

to 150 lbs per square inch, and use triple 

expansion, •••••• ,, 15 

(10) Superheating. —Superheat the steam of the 

previous oase by 15(7 P., and use re-heating, „ 12 
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LECTURE XVII. 

Contests. —Nominal and Indicated Hoise Power—Rule for finding the 
Indicated Horse Power of, an Engine — Formula for finding the Me&n 
Pressuie—Btako Horse Power—Prony Biako or Absorption Dyna¬ 
mometer—Society of Aits Rope Dynamometor—Advantages of the 
Rope Btake—Tests of Small Engines with the Rope Brake—Questions. 

Jflorse-Power.—The unit of power which is universally'adopted 
by mechanical engineers in this country is that which was 
proposed and used by Watt—viz., the horse-power. 

The steam engines introduced by Watt, were employed to a 
large extent in doing work which had formerly been done by 
horses, and hence it became necessary for him to be able to state 
the number of horses to which his engine would be equivalent in 
power. Watt estimated the power of the strongest London 
horses as about equal to that required to raise 38,000 lbs. one 
foot high in one minute, and he adopted this as his standard of 
power. This estimate, however, is too large, the average power 
of a horse being only about 22,000 foot-pounds* per minute, but 
Watt seems to have been desirous that his engines should exceed, 
rather than fall short of, their nominal power. 

What is, therefore, technically spoken of among engineers as 
a horse-power, is the rate of doing work corresponding to 33,000 
foot-pounds per minute, and the power of steam engines is 
always calculated on this basis. 

Watt found that in his engines, he usually obtained a mean 
pressure of about 7 lbs. per square inch in the cylinder, and he 
estimated the power of his engines by assuming that value for 
the mean pressure. The horse-power thuB estimated, he termed 
the nominal horse-power, and in practice that power Was actually 
obtained. When, however, increased steam pressures came 
into general use, the mean pressure of steam in the cylinders 
could no longer be correctly taken as 7 lbs., and the nominal 
horse-power differed largely from the actual horse-power. In 
commerce the term nominal hor^ e-power had been so much used, 
that commercial men understood the size, and, .therefore the 
value, of an engine much better when its nominal horse-power 

was Bpoken of than its actual power, and, therefore, the term 

* 

* The foot-found ia the unit of work, and is tho work dono by a force of 
jam found toting through the apace of one foot. 
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was retained for a Jong time, and even yet is still used for some 
classes of engines, such as those used for agricultural purposes. 
However, as unfair competition often takes place between 
different manufacturers, owing to the use of this term, it is fast 
falling into disuse and should be altogether abandoned. 

The actual power exerted in the cylinder of an engine, cannot 
be obtained until we know the actual mean pressure of steam 
in the cylinder. In order to ascertain this, we must take a 
diagram from the cylinder by means of the indicator which was 
described in the last Lecture. The horse-power obtained by 
this means is termed the indicated horse-power, and when the 
horse-power of engines is spoken of, it is the indicated horse¬ 
power (I.H.P.) which is understood unless otherwise stated. 

The diagram at p. 229 is taken from a horizontal non-condens¬ 
ing engine, and from it we wish to find the mean pressure of steam 
in the cylinder. To do this, divide the diagram into ten equal 
parts, by aid of the parallel ruler accompanying the indicator, 
then read dff the pressures at the centre of each space or division, 
as described at p 151, and shown by the vertical lines in Fig. 
p. 229, by means of the scale corresponding to the indicator 
spring. The Bum of these pressures divided by 10 gives the mean 
pressure during one stroke. This is shown worked out on the 
diagram, the mean pressure in this case being 43*5 lbs. per 
square inch. Now the work in foot-pounds done by an engine 
in one minute is = total mean pressure on the piston in lbs. 
x distance in feet travelled by piston in one minute. But one 
horse-power is equal to 33,000 foot-pounds per minute. 

Therefore, the horse-power exerted by an engine is = total 
mean pressure on the piston in lbs. x distance in feet trowelled by 
the piston in one minute -r 33,000. 

Let p denote the mean pressure of steam in lbs. per square inch. 

„ A „ the area of the cylinder in square inches.* 

„ L „ the length of the stroke in feet. 

„ N „ the number of strokes per minute = revolutions x 2. 

„ HP,, the horse-power. 


Then, total mean pressure on the piston in lbs. 
also, distance in feet travelled by piston in one minute 

. •. the horse-power of the engine = ^3 q^ ~ 



This formula is easily remembered, since it may be written so as 
to form (he word “ plan,” thus: — Horse-power =» plan -r- 33,000. 

* In all cases, the area of the piston-rod has to be taken into account. 
For example, where the pkton-rod comes out at the crank end of tlfc 
cylinder only, then, A should be total area of cylinder less half the area Of 
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Applying our formula to find the horse-power of the engine from 
the diagram and data given in it, we get 


„ ApLN 153-9 x 43-5 x 2 x 80 
11 * " 33,000 * 33,000 


32-45. 


The diagram only gives the mean pressure on one sid£ of the 
piston; hut in practice it is usual to take the mean of two 
diagrams—one taken from each end of the cylinder. If there be 
two or more cylinders, the power developed in each t has tc 
be added together, in order to obtain the total horse-power,. 

If the student refers to questions 16, 17, 18, and 19 at the 
end of this Lecture, he will observe that he is given in each case 
the pressure of the steam on admission to the cylinder, the 
position of cut-off, and the hyperbolic or napierian logarithm of tht 
ratio of expansion, as well as the diameter or the area of the 
cylinder, and the length of the stroke; from which, he is expected 
to calculate the net or effective work done in one strike, or else 
the indicated horse-power when the number of revolutions pei 
minute is stated. Now, as this is a very common form o 
question set in examination papers, and as the solution thereo: 
will aid us in still further explaining (what has already beer 
referred to at the end of Lecture XII.), that the area of th< 
calculated or of the actual indicator diagram is a measure of th< 
work done in one stroke, we shall first of all show how thi 
hyperbolic logarithm is to be applied, in order to ascertain th< 
mean total pressure throughout the stroke, on the assumption tha 
the steam expands according to Boyle's Law, neglecting clearance 
and secondly, we shall take into account the effect of clearance. 
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Referring to the last theoretical indicator diagram, ACDEB, 
the area of the rectangle, A D, is the product of the pressure 
line, A 0, and the volume line, 0 D, or, A 1, to the point of cut¬ 
off, and therefore this area, A D, expresses the whole work done 
upon the piston by the steam in entering and in occupying that 
part of the cylinder before cut-off tykes place; further, since the 
steam "is supposed to expand in accordance with Boyle’s Law 
(pu = a constant), the curved line, DE, is a hyperbolic or 
isothermal curve, and the hyperbolic area, 1BEB, expresses the 
whole,'froxk done by the steam during expansion—*.&, after cut¬ 
off takes place. This latter area, 1DEB, and consequently the 
whole work done during expansion, may be calculated by taking 
advantage of the known relations of hyperbolio curve areas to 
their base lines.* 

For, if the base lines 

Al, A 2, A 4, A 8, &c„ 

increase in the following geometrical progression, 

&b 1, to 2, to 4, to 8, to <fcc., 

then the successive areas, 

— 1 D x , 1 Dg, 1D 8 , <fcc., 

increase in the following arithmetical progression, 
as — to 1, to 2, to 3, to <fec. 

For example:— 

Let the area or volume, A D, up to the point of cut-off, be ' 
expressed by, 1, and the areas or volumes due to the expansion 
of the steam by the following numbers in geometrical pro¬ 
gression :— 

1, to 2, to 4, to 8, to &c. 

* On the principle of logarithms, which represent in arithmetical pro* 
gression natural numbers in geometrical progression, tables of hyperbolic 
logarithms are compiled to facilitate the calculation of the areas of work 
done due to various degrees of expansion. The hyperbolio logarithms are 
specially indicated or distinguished from common logarithms in formula by 
the small Greek letter e, thus log.i, and a few of these hyperbolic logarithms 
have been selected and printed (see Index), in order to enable students to 
work any of the ordinary questions. Hyperbolio numbers consist of the 
multiples of common logarithms by 2*302585, which, thus modified, become 
direct expressions of the actual ratio of the whole work done during expan¬ 
sion (due to different degrees of expansion) to the whole work done by the 
steam before expansion takes plaoe. 
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The hyperbolic logarithms of these numbers are {see table,)», 26§) 

•000, -693, 1*386, 2-079, dws., 

being as 0, to 1, to 2, to 3, ^ to die., 

or in arithmetical progression; therefore, the whole work'done 
by a quantity of steam expanded successively from the initial 
volume, 1, 

being as 1, to 2, to 4, to 8, to «fcc., 

a 

will be in the proportions of 

1, to 1 + *693 to 1 + 1*386 to 1 + 2*079 to Ac., 
or as 1, to 1*693 to 2*386 to 3*079 to dec. 

Or generally if, r, be the ratio of expansion the whole work 
done will be as (1 + log.,r), showing that for an expansion of 
eight times, the initial work done by the steam before cut-off 
takes place, is tripled for that number of expansions by the end 
of the stroke. It is necessary, however, to deduct the work 
spent against the back pressure (due to an imperfect vacuum 
reckoned from the absolute zero or perfect vacuum line), before 
we obtain the net or effective work done by the steam in 
one stroke. 

Another method of reasoning out the foregoing principle 
is as follows (see last figure):— 


Let P = the initial pressure of steam in lbs. on the square 

inch at the cylinder, reckoned from absolute zero 
or perfect vacuum line, or = A 0. 
p m = the mean pressure in lbs. on the square inch through¬ 
out the stroke, also reckoned from absolute zero. 

A =* area of cylinder in square inches. 

L = whole stroke, A B, in feet, 
s l - distance in feet to point of cut-off, or 0 D. 

j =» r - ratio of expansion, neglecting clearance. 

X s any distance from commencement of stroke between 
the limits, x = l and * * L. 


eri the whole work done through distance, l, = AP l, foot-lba 



PressureNaf steam at any point, x, = — 



i~ it W* 

gQ&Sfe 265 

■ i* v 

APi 

v*« the work done through any very small space dee - —dee. 

^The whole work done during expansion— i.e., from point of 
out-off to the end of the stroke, or from where « = l to where 
x «= L te» • 

By integral calculus, 

h APlj^ = API log-, 2 * = API log.,r, footrlbs. 

The whole work done during one stroke, 

= AP? + APf log .,r -s AP l (1 4- log., r). 

And the total horse-power, if N » number of strokes per 
minute, 

• AT IH (1 + log.,r) 

~ 33000 » 

The total forward mean pressure, p m > indicated by the vertical 
height, p my is therefore found by dividing the above whole work 
done during one stroke by the area, A, and by the length of 
the stroke, L, 

AVI VI V 

or Pm = AX ^ + lo 8-« r ) = J^i 1 + lo 8*« r ) - 7<1 + log.,r). 

And if p b = the mean back pressure indicated by the vertical 
height, p by in the last figure, or by the shaded portion above the 
line, A £; and p, ®* the net or effective mean pressure through* 
out the stroke, then— 

p 

p «=p w ~p b ~ ^ (1 + log. § r) - p b lbs. on the square inch. 

And the Net or Effective Horse-power 


*= ALN 

These formulas take no account of the wiredrawing of the 
steam between the boiler and the engine, or in the steam por<$, 
neither have the effect^ of clearance, compression, &c,, been taken 
into account. They must net therefore be used in determining 


{7 (1+log-.»•)-?»} 
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the size of any particular engine, because large allowances have 
sometimes to be made for these effects in actual practice; but as 
they are sufficient to solve most of the ordinary questions set in 
examination papers, we shall apply them to three examples in 
order to impress them on the student’s memory, and thus lead 
* up to the final formula. «. 

1st. Take the case of p. 148, Watt’s diagram of work. Here 
P « 1 atmosphere, or say 15 lbs. absolute, for Watt at the time 
of his devising his diagram of work only used steam of atmo¬ 
spheric pressure, and thus all work was done in his engines at 
that time, solely by means of the vacuum. The ratio of expan¬ 
sion, r 5, since steam was cut off at £ of the stroke, and he 
took no account of back pressure, thus supposing the vacuum to 
be perfect— 

The mean pressure, 

P 15 

Pm * ~ (1 + log. t r) =— (1 + 1-609). See p. 26 9 for logs. 

p w « 3 x 2*609 = 7*827 lbs., or *52 of an atmosphere, 

which corresponds with that found by Simpson’s or ordinarv 
rule (see p. 149). 

2nd. Take the case at p. 149, where the pressure of steam 
may also be supposed to be that above a perfect vacuum and no 
back pressure was mentioned. 

P = 100 lbs. absolute, r «= 4, as steam was cut off at i stroke; 

• mean pressure, 

P« = ™ (1 + log. ,r) = 1 J 0 (1 + 1-386) 

p* = 25 x 2-386 = 59-65 lbs., 

As against 59-7 lbs. found at p. 150, and 59-9 at p. 151. 

3rd. Let us see -what we might have expected the mean for¬ 
ward pressure to be in the case of the non-conde nsing Arms trong 
engine, whose indicator diagram is shown at p. 229, and cal¬ 
culated horse-power at pp. 261,262, supposing the boiler pressure 
to be known, as well as the back pressure, and neglecting clear¬ 
ance. The pressure at the boiler is marked 70 lbs.— i.«., above 
the atmosphere, or adding the pressure of the atmosphere 15 lbs. 
we have J? * 70 + 16 = 85 lbs. The cut-off is at nearly J stroke, 
or r = 3, and the back pressure is just 15 lbs., aB the exhaust 
lifie coincides exactly with the atmospheric line. It is not usual, 
however, for the exhaust to be so free as this in such engines. 
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The mean net or effective pressure is— 

p - ~ (1 + log ( r) - Pi ^ (1 + 1-0986) - 16 

_ 28-3 x 2 0986 - 15 * 59*45 - 15 == 44*i5 lbs. 

As against 43*5 lbs. marked on the indicator diagram in Lecture 
XVI. 

Wb must now take the effect of clearance into account 9 in 
order to get a more perfect estimate of the probable mean 
pressure in any case we may have to deal with in practice. 

If the student refers back to Lecture XV., he will see that the 
ratio of expansion, r, as treated above, becomes r x when we take 
clearance into account, and that 

r (1 + c) 

r i = T7 c r 

Where, c, the clearance, is considered as the fraction of the whole 
volume of the cylinder to the point of cutoff. It will, however, 
be more convenient here to consider, c, as an addition to the 
length of the cylinder, the area of this supposed clearance- 
length, c y being equal to that of the cylinder, = A, so that 
c x A = volume of clearance,* and therefore the true ratio of 
expansion becomes 

L + c __ length of stroke + cleara nce. 

I + c ~ length to cut-off + clearance. 

The clearance is shown in the last figure by the distance, c. 


* It is not possible to estimate exactly the volume of the olearanoe in a 
completed or working engine, unless the valve easing cover be taken off, 
the piston brought first to one end of the cylinder, and the volume of water 
required to just fill the clearance spaces at the end between the piston and 
right up to the valve face be measured, and then the same operation per¬ 
formed for the other end of cylinder. Of course, it may be calculated 
approximately from the drawings of the engine, or allowed for in calculations 
previous to making the drawings. This volume of the combined clearance 
spaces, at one end or the other, is then considered as a fraction or per¬ 
centage of the whole volume of the piston’s stroke, or it may be regarded 
as equivalent to a fraction, c, of the stroke, L. For if, A, be the sectional 
area of the cylinder in square feet, then A x L = volume of the cylinder’s 
stroke in cubic feet, and Axes volume of clearance spaces also in 
cubic feet 


Hence A (L + e) = whole volume of cylinder, including clearance, 
and A (l + e) = whole volume to point of cut-off, including clearance 

Therefore, the actual ratio of expansion, 


A (L c) * 
A (i '+ 0 ) 


L+c 
l + c 


the expression used above* 
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Now, reasoning as before— 

The whole work done to the point of cat-off *» A Pi 
The whole work done during expansion 


The sum of these two quantities equals the whole work done 
during one whole stroke, and is 



+ c)^log, ^ ^ | neglecting back pressure. 


The mean forward pressure during the stroke is found, by divid¬ 
ing this expression by the area of cylinder, A, and by the length 
of the stroke, L, and subtracting the mean baok pressure, p ¥ 

Or 

= x{ i + ^ + c) ( l0 g«rT7)} ~ p * 


Applying this formula to the last example (see also pp. 229 
and 262), where P = 85 lbs., being 70 lbs. boiler pressure plus 
15 lbs. atmospheric pressure, L = 2 ft., I = £ ft. (as steam was 
cut off at £ stroke), and assuming, o, to be equivalent to ^ of the 
stroke, or ‘2 ft., which is a common allowance, while the back 
pressure, p t = 15 lbs. (for as we noticed before the exhaust line 
and the atmospheric line agree), we have by substituting these 
known values in the last equation— 



m)} 



p 42*5 {*6 + *86 (log* 2*54)} - 15 
Note.—T he nearest log. to 2 54 in the following table is that of 2*5. 
p -42*5 (•$ + -86 x '91629) - 15 = 42'5 x 1-46 - 15 
p ib 62*05 - 15 = 47*05 lbs., as against 44*45 lbs. 


iby our former formula when not taking clearance into account, 
and as against 43*5 lbs. on the indicator c^rd. But, as we men¬ 
tioned before, wire drawing, &o., reduces the pressure between 
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tiie boiler end the cylinder, and on looking at the indicator card 
at p. 229 we observe that the initial pressure on it is marked 65 
lbs., or a fall of 5 lbs., or 13*4 per cent., between the boiler and 
the piston. If we take 65 as the initial pressure, then the total 
pressure, P, becomes 65 + 15 or 80 lbs., and substituting this 
value in the last formula for the 85 lbs., we get a mean cylinder 
pressdH of 43*4 lbs., which is certainly a very close approxima* 
tion to the mean cylinder pressure 43*5 lbs., as found from the 
actiial indicator diagram by measurement. It must be admitted, 
however, that this indicator diagram is an exceptionally good 
one, and corresponds more closely in form than most engine 
diagrams do, to a theoretically perfect diagram. 

It is therefore advisable to be cautious in trusting to this 
formula. It will well repay time spent to draw out to a large 
scale the most probable indicator diagram for any engine that 
we may be designing,* bringing to bear any known results for the 
reduction of boiler pressure due to wire drawing under similar . 
conditions, as well as for the effects of clearance, release, and 
compression on the area and on the form of the diagram, so as to 
ascertain the mean pressure, and thereby the horse-power 
graphically, as well as by the formula; for actual final results as 
found by indicator diagrams have been known to vary 25 per 
cent, from the previous calculated results, when trusting merely 
to the formula and to the supposed boiler pressure. Of course 
such a result might be fairly termed a miscalculation t 

The following Napierian logarithms will facilitate the calcula¬ 
tion of mean pressures:— 


Hyperbolic ob Napierian Logarithms or Ratios or Expansion. 


No. 

Logarithm 

No 

Logarithm 

No 

Logarithm 

No 

Logarithm* 

1 

125 

1*5 

1*76 

2 

225 

2*5 

2*75 

3 

3*25 

0 

*2231435 

*4054652 

•5596157 

-6931472 

*8109303 

*9162907 

1*0116009 

1*0986124 

1*1786549 

n 

mwm 

rcT 

m 

wwm 

gj 

1 *2527629 

1 3217559 
1*3862943 
1*4469189 
1*5040773 
1*5581446 

1 *6094379 
1*6582280 
1*7047481 
1*7491998 

6 

6*25 

6*5 

6*75 

7 

7*25 

7*5 

7*75 

8 

8*25 

1*7917595 

1 8325814 

1 *8718021 
1*9095425 
1*9459100 
1*9810014 
2*0149030 

2 0476928 
2*0794414 
2*1102128 

8*5 

8*75 

9 

9*25 

9*6 

9*75 

10 

12 

15 

18 

2*1400661 

2*1690536 

2*1972245 

2*2246236 

2*2512918 

2*2772673 

2-3025851 

2*4849065 

27080502 

2*8903847 


* The plan of plotting diagrams to one scale as explained at the enc^of 
Lecture XVL, should be followed in the case of compound engines. 
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\ Brake Horse-power^^It is often advisable, more especially in 
the case of competitive trials of Land and Electric Li^ht Engines, 
to know the actual power given out by an engine independent 
of the power absorbed in friction, &c., in driving the engine 
itself. In order to ascertain this, it is necessary either to apply 
an absorption or a transmission dynamometer to the fly-wheel, 
or to a pulley keyed on the crank or first shaft. The power so 
obtained, is termed the Brake Horse-Power and symbolised by 
the letters B.H.P. 

It is certainly much more satisfactory to the buyer of an 
engine to know definitely the B H P. of an engine, than either 
the almost obsolete N.H P., or the now more common I.H.P., 
for thereby he knows exactly what power he can get from the 
engine at a certain speed; and it would be well, both for buyers 
and sellers, if this system of reckoning the power of smaller 
engines was always insisted upon, and a test made before 
acceptance. 

One of the simplest and most easily applied Absorption 
Dynamometers is that known as the Prony Brake, which we 
now illustrate and explain by an actual example of a test made 
by the author. 



Phony Brarf ok. Absorption Dynamometer, 


Where WB 
D 
S 

bi 9 

IB 

SB 

OW 

AN 


represents Wooden blocks to fit 

Diurn or pulley keyed to 
,, Dnvine shaft 

„ lion bolts with ram’s horn nuts to adjust the tiffhfc. 

ness of W B on D ® 

99 Stiff iron bar with 

,, Salter’s balance at one end, and 

„ Small counter weight to balance extra length of IB 
and S B on other side 
„ Adjusting nut for Salter’s balance. 


* The Student should also refer to the Author’s Text-Book of Applied, 
Mechanics and Mechanical Engineering^ voL L, for a more complete 
treatment of this subject. 
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Method or taking Test fob Brake Horse-Power. 

1. Adjust position of 0 W until it balances the weight of IB, 
A N, ana S B, with the wooden blocks slack on pulley. 

2. Start machinery and tighten blocks, WB, by ram nuts 
until desired speed is attained, at same time adjusting S B by 
nut, AS, until a balance is obtained, keeping IB level. 

Note number of revolutions per minute by speed indicator 
and Stress indicated by spring balance. 


H.P. 


_ 2irrnP 
” "33000 


horse-power developed on brake. 


Where r = horizontal distance from centre of balance to centre 

of shaft S in feet. 

n = number of revolutions per minute. 

P = Salter’s balance reading. 


Since 


2ir 


33000 


= ’0001904 = a constant. 


H.P. = -0001904 x r x n x P. 


Ex.—Test recently taken by the author of fast-speed Westing- 
house engine (diameter of cylinder 7-inch, stroke 5-inoh, pressure 
of Bteam 66 lbs.), with crank shaft coupled direct to an Edison 
dynamo. 

The blocks, W B, were fixed to a fly-wheel of 2 feet diameter, 
which was 6 inches broad. 


r = 2’6 feet; n = 624; P = 48 lbs. 

H.P. = -0001904 x r x n x P 
.*. H.P. = -0001904 x 2-'5 x 624 x 48 
.-. H.P. - 14*26. 

It is important to note that neither the diameter of the pulley 
nor the pressure of the friction blocks on the same (due to the 
weight of the apparatus, or the tightening of the ram nuts), nor 
the coefficient of friction enter into the formula for obtaining 
the horse-power. The only data required being the horizontal 
length of lever, r, the pull, P, and the number of revolutions. 

For, let, p, be the pressure, and, f the coefficient of friction 
between the face of the drum, D, and two brake blocks, W B, 
then the twisting moment, T, tending to turn the brake blocks 
round with the shaft is 

T - 2 pf x r x 

Where r } is the radius df the pulley or drum, D, in feet. 
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Bat this twisting moment is balanoed by the poll on the 
spring balance, P, multiplied by its leverage, r. 

2 pfr x = Pr. 

The angle turned by the pulley or drum, D, per minute 
■2 t» radians, and since the work done by a couple is the 
produot of its moment into the angle through which the body 
aoted on turns .— °° 

The work absorbed bj^friction = The work done per minute 
in foot-pounds, t e. t 

2p/r l x 2i rn = Pr x 2 <ttn 


and .\ the HP. = 


Pr x 2 irn 
33000 


2 rrn'B 
"33000 


It is sometimes advisable to add a dash pot to the lever, IB, 
in order to get steady readings of the Salter’s balance or 
weight, P. 

Another very useful and practical form of Prony Brake is 
that shown in the following figure :— * 



1 
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Here the balance weight and ram nuts are done away with, 
in favour of a steel hoop or strap, S H, to which are fitted 
wooden blocks, W B, with spaoes of, say, 2 inches or so inter¬ 
vening between them, surrounding the flywheel, F W, keyed on 
the crank shaft, S. Clips, C, made of iron or steel, keep this 
brake strap fair on the flywheel, and thus prevent it from sliding 
to onefside more than another. 

The engine is started with the adjusting nut, A N, and the 
spiral spring, S S, slack until it leaches the normal speed. The 
nut, AN, is now giadually tightened, the speed being kept 
constaht and the pointer, P, level, the tension on the Salter’s 
balance, S B, is read off and the calculation made for the B H P. 
exactly as in the tormei example. 

Society of Arts Rope Dynamometer.—The jurors for the 
famous gas engine trials, held under the auspices of the 



Society op Arts Rope Dynamometer. 


London Society of Arts”m 1888, were the first to publicly 
use a rope-brake in any extensive senes of competitive 
trials, and hence the general name which has been given to 
this very simple and excellent form of brake. But, rope- 
brakes had. been designed and used prior to these tests by*at 
least four well-known persons. As will be gathered from the 
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following three sets of figures, this brake consists of an endless * 
flexible rope, doubled round a pulley or the flywheel of an engine, 
and fitted with several i | shaped wooden distance pieces, m 
order to keep the two parts of the rope uniformly apart and 
also to prevent them slipping off the wheel. These distance 
pieces or clips should be secured to the rope by soft copper wire 
lacing, drawn in from the outside of the clips and then through the 
centre of the rope, instead of being fastened thereto by nails or screws 
from the inside; for such latter metal fastenings are liable to part, 
to heat, and, consequently, char the rope The rope should be 
thoroughly stretched and treated with castor oil or grease and black 
lead powder, prior to its being fitted to the wheel and to the clips, 
whenever long and important tests are desired. No further 
lubrication is required, and consequently the first and second 
defects mentioned on a previous page as pertaining to strap-brakes 
are entirely avoided. If krge powers are to be demanded from 
a wheel of limited size, then it should have its rim of L_J 
section, so that a small stream of water may be played into the 
inside of the hollow part of the rim, which water will help very 
materially by its evaporation to dissipate the heat generated by 
the friction between the brake rope and the outer surface of the 
wheel. The surface of the pulley should be flat instead of rounded, 
in order to get the rope to work perfectly smooth, and a trial run 
of a few hours prior to the special test is advisable, in order to 
bring about a small flat glazed surface on the rope, which glazing 
is materially assisted by the previous application of the black lead 
powder. For anything up to 5 B.H.P. at 1,000 or more feet per 
minute of friction surface speed, the author has found that a 
flexible ship’s log-line about a 3 inch in diameter with a double turn 
round the wheel forms an excellent brake rope. From 5 to 10 
B.H.P. a •6-inch diameter manilla rope serves the purpose. From 
10 to 30 B.H.P. a *6-inch rope will do, and for 100 to 160 B.H.P, 
(at about 4,000 feet per minute) four turns of 1-inch rope on a 
large 16 feet diameter flywheel runs quite cool, as may be seen 
from the next figures on absorption dynamometers in this Lecture. 

Advantages of the Rope-Brake.—The author has tested a large 
number and variety of motors with the rope-brake, and he considers 
that it has the following advantages :— 

1. It can be constructed on short notice, from matepals always 
at hand, in a factory or workshop, and at little expense. 

2. It is so self-adjusting that very accurate fitting is not required. 

3. It can be put on and taken off the brake-wheel in a very 

short time. , * 

4. Being comparatively light and of small bulk, it can be hung 
up on the wall of the testing room, or laid past in a cupboard foy 
figure use. 
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5. It requires no attention whatever for lubrioation, if the 
previously mentioned precautions as to treating and fitting the 
same are attended to. 

€. The back pull registered by the spring-balance may be 
rendered very steady and of small amount by properly adjusting 
the weight, W , prior to the commencement of the recorded brake 
trials. 

7. The brake-wheel, if of the proper size, soon attains a 
maximum temperature, so that the radiated heat equals that 
generated by the friction. 

8. It may be used for very small as well as for large powers. 

9. For large powers more and stronger ropes are only required 
on a comparatively larger wheel, and with the water-cooling device 
mentioned in the previous section. The greatest power which 
the author has tested with a rope-brake was an engine of 140 
I.H.P. for five continuous hours. 

Tests of.Small Engines with the Rope-Brake.—Fig. 1 shows 
the arrangement of dead weight and Salter's balance used by 
the author in testing gas engines, and Fig. 2 the way in which 
he applied two spring balances to the brake rope in case of 
high speed steam engines. The latter plan has, under certain 
circumstances, particular advantages over the former. By 
selecting two spring balances with different periods of oscilla¬ 
tion, the tendency to jerk or “hunt” may be considerably 
reduced, or even entirely checked.. 


Results of Two Tests with the Rope-Brake. 


Data* 

" Acme 

Gas Engine ” 
by 

Alex Burt & Co, 
Glasgow. 

„ "Brown’* 
Rotary Engine" 

Bang & Bona, 
Johnstone. 

Duration of tests in hours, 

4 

5 

Initial gas or steam pressure in lbs. per sq. in. 
above atmosphere,. 

150 

95 

Final gas or steam pressure iu lbs. per sq. in. 

above atmosphere, ♦ 

Radius of brake load in feet, . 

1 

1*5 

2-771 


Mean revolutions per minute, 

154 

574-5 

Mean nett brake load in lbs. 

231 

93-2 

Mean B.H.P.,. 

18-77 


Gas in ob. ft or steam in lbs. perB.H.P.-hour,. 

1913 eb.lt 

37*9 lbs. 






F, «- 2 - 

THE TWO FORMS OF BRAKE 

Us»d by PRqjt. Jamieson in Testing the “Ajax” Glasgow Ga£ 

Engine eor Brake Horsepower* 




































































































































































































































































, MBAN ft AS U ITS Ofi TAWS 0* '«AJAX * QAS EKQIHH. 377 

i* 

Msaxt Results of a Three Hours’ and a Six Hours' Continuous 
B.HP. Tests' at Full Normal Working Power; 
also, HAiF-iN-Hotm at Pull Power of 

THE “AJAX” GLASGOW GAS ENGINE.* 



h* 

-is 

su 

Meroh 90,1889, Mean of Sis Hours Tests, 
19 to 6 p.ttL 


ft 






warn 


Is 

w ce 


e» 

^ r. • 

First 

Second 

Third 

Fourth 

r 

Sixth 

ffij 

A 

151 
* * 

H 011 & 

Hour, 

Horn, 

Hour, 

Hour, 

Hour, 



12—L 

1—2. 

2-3. 

8-4. 

4—5. 

5-6. 


• 

Revolutions por Minute, . 

173*6 

1805 

180 3 

175 3 

1761 

175*2 

177*3 

177*6 

m 

Net Brake Load, in lbs., . 
Gas Consumption (Main 

99 

88 

98 

98 

98 

98 

98 

98 

Ki 

only) In Cubic Feet, per 








18S 

218 

Hoar. .... 
B» ake-Horse-Power,. 

189*6 

184 

186 

181 

181 


;» 

8*84 

91 

91 

8 a 85 

8*9 

8*84 

a 

8*98 

10*1 

Gas, per Brake-Horae- 

Power, in Oubio Feet, per 
Hour. . . . . 

Mean Effective Pressure, in 

21*6 

20*2 

204 

20-4 

20*8 

20*7 

9 

20*4 

63 

21*6 

lbs., per Square Inch, 
Indicated HErae Power 

60*8 

a 

H 

•a. 

H 

... 

ate 

••• 

from above data. 

Gas, per LH.P., in Cubic 

10*04 

D 

D 


n 

... 

a»t 

10*6 

an 

Feet, per Hour (Mam 

18*9 







17*2 


only), . 

Mechanical Efficiency of 

fM 

... 

... 

... 


aaa 

aa« 



Engine, or x 100, 

87’97. 


... 

• •• 

... 

• a. 

aaa 

84*2 

B 


* Students who are interested in this subject of testing prime motors by 
absorption and transmission dynamometers, will find complete details of a 
five hours’ continuous test of “Field’s Combined Steam and Hot-Air 
Engine/’ as well as illustrated descriptions of “Froude’s Water Dynamo¬ 
meter,” in Vol. I. of the author’s Text-Book on Applied Mechanics and 
Mechanical Engineering . The latter dynamometer may be used for over 
1,000 H.P., and forms a most interesting study of the conversion of work 
into heat. 
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Lecture XVII_ Questions. 

ft 

1. Define the horse-power of an engine. Explain the method adopted for 
measuring the work actually done in the steam cylinder of an engine. 
Write down the formula by which the horse-power of an engine is obtained, 

2. Having given the indicator diagrams of a steam engine, explain in 

detail how j ou would determine the indicated horse-power, and state what 
additional data are required. (C. & G , 1902, O., See. C.) , 

3* What diameter of cylinder will develop 60 horse-power with a 4-foot 
stroke, 40 revolutions per minute, and a mean effective steam pressure of 
30 lbs. above tho atmosphere, the engine being non-condensing? Ana. 14*78. 

4. The diameter of cylinder of non condensing engine is 18 ins., length 
of Btroke 2 ft. 6 ms., mean pressure of steam 20 lbs. on sq. in. above the 
atmosphere. Find the number of i evolutions per minute when the engine 
develops 27 H.P. Ana. = 36 revs, per mm. 

6. Having obtained indicator diagrams from a single cylinder engine, 
Btate particularly, and with the necessary details and sketches, the method 
of obtaining the indicated horse-power. A motion of 1 inch in the pencil of 
the indicator, as due to steam pressure = 20 lbs. on tho sq. inch, what is 
the H.P. at 90 revolutions per minute, if diameter of the piston be 10 
inches, stroke 20 inches, area of diagram 8 sq. inches and length 6 inches ? 
Ana. 22*8. 

6. The two cylinders of a locomotive engine are each 17 inches in diameter, 
and tho length of stroke is 24 inches, also the driving wheel makes 100 
revolutions per minute, and the mean effective pressure of the steam is 
80 lbs. Find the horse-power. Ana. 440*3. 

7. The diameter of the cylinder of an engine being 63 inches, the stroke 
6 feet, and the number of revolutions 30 per minute, find the moan pressure 
of the steam to develop 600 indicated horse power. Ana. 29*9. 

8. In a compound cylinder marine engine, the diameter of the high- 
pressure cylinder is 67 inches, and that of the low-pressure cylinder is 
100 inches, the stroke of each piston being 2J feet. The mean pressures of 
the steam in the respective cylinders are 26 lbs. and 8£ lbs., and I.H.P. is 
1,028; find the number of revolutions made m one minute. With what 
view is an engine constructed in the manner pointed out? Ana . 46*3. 

9. In a compound cylinder tandem engine the steam is out off at £ of the 
stroke in the high-pressure cylinder, the areas of the pistons are as 1 to 3, 
and the diameter of the smaller cylinder is 20 inches; investigate an 
expression for the work done in one stroke. Example: Find the horse¬ 
power of the engine when the initial pressure of the steam is 85 lbs. per 
square inch above that of the atmosphere—viz., 15 lbs., the back pressure 
in the large cylinder is 3 lbs. per square inch, and the speed of each piston 
is 300 feet per minute. Ana . 278 taken isothermally. 

10. An engine gives 10 indicated horse-power and 7*6 brake horse-power 
for a consumption of 23Q cubic feet of gas per hour. Explain how these 
measurements are made. If the calorific power of 1 cubic foot of the gas 
is 530,000 foot-pounds, what is the efficiency? What is your notion of how 
all the energy of 1 oubio foot of gas is disposed of? (S. & A., 1897, Adv.) 

11. Ini£jal pressure of steam 180 lbs. per square inch, backpressure 17 


the steam is 2*51 cubic feet? If there are 200 strokes per minute, what is 
tttb indicated horse-power and what weight of steam is used per hour t 
neglecting clearance, condensation, and leakage? (B. of E., 1900, Adv.) 


Qtf BOTI0N8. • 


S79 


12. Steam of 150 ibs. per square inch (absolute) is out off at one-third the 
stroke, and expands according to the law pv constant. Find the average 
pressure in the forward stroke, using squared paper. The back pressure is 
18 lbs. per square inch, what is the effective pressure on the piston ? The 
piston is 15 inches diameter, crank 1 foot, two strokes in the revolution, 
120 revolutions per minute; find the work done in one revolution and also . 
the horse-power. One lb. of steam of 150 lbs. pressure has a volume 
of 2*97^ cubic feet, what weight of steam is indicated per hour? 
(B. of E., 1902, Adv.) 

13. \ Steam is cut off at one-third the stroke and expands by the law p v 
constant; find the average pressure in the forward stroke as a fraction of 
p u the jnitial pressure. The back pressure is 18 lbs. per square inch, 
together with 10 lbs. per square inch representing the friction of the 
engine. The piston is 15 inches diameter, crank 1 foot, two strokes per 
revolution, 120 revolutions per minute; find the actual horse-power for 
each of the three values of Pi given in the table below. One lb. of steam 
pressure, p l9 has the volume, v l cubic feet, given in the table; what weight 
of steam, W, is indicated per hour in each case ? Show, on squared paper, 
the probable relationship of W and the liorso-power in this engine when p x 
varies but the cut-off of one-third is not altered. 






l ~' r ~ 

Pi 

150 

120 

80 


Vl 

2-987 

3*671 

5-37 


(13. of E., 1902, H., Parti.) 

14. The expected mean steam pressure for an engine, which has to be 
designed, is 41 lbs. per square inch, and the piston speed adopted is 600 
feet a minute: what diameter of cylinder must be adopted to secure an 
effective H.P. of 78? Assume the effective power is 89 per cent, of that 
developed in the cylinder. (C. & G., 1902, O., See. O.) 

15. A steam engine has a cylinder 13 inches in dianioter, and a piston 
speed of 650 feet a minute, calculate its probable indicated H.P. from the 
following data as to the steam :—Boiler pressure 125 lbs. absolute, out off 
at 18 per cent, of piston stroke, and back pressure 16 lbs. absolute. You 
may neglect compression and release effects, and assume that the clearance 
volume at each end is 2J per cent, of the volume swept by the piston. 
Given log* 5 = 1*609. (C. & G., 1900, H., Sec. B.) 

16. * The area of the piston of an engine is 3 square feet, the pressure of 
the steam is 15 lbs. per square inch above the atmosphere on admission, and 
the steam is cut off at J of the stroke; the crank shaft makes 40 revolu¬ 
tions per minute, and the length of the stroke is 3 feet, find tho H. P. (given 
hyp. log. 3 = 1*0986124). Ans. Exhausting at zero pressure = 65*9. 

17. * The cylinder of an engine is 3 feet 6 inches in diameter, the stroke 
is 5 feet, and the steam is cut off at J of the stroke. If steam be 
admitted into the cylinder at 45 lbs. pressure, find the work done in one 
stroke (log. 3 = 1*0986124). Ans . 218,061 ft.-lbs. 

18. Steam enters a cylinder at 80 lbs. absolute, and is cut off at \ of the 
stroke. The diameter of the piston is 40 inches, and the length of stroke 
5 feet, the number of revolutions being 50 per minute. Back pressure 3 lbs. 
absolute, find the horse-power of the engine. Ans. 1,009. 

, . ----r — 


* See page 280 for solutions* 
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19. The stroke of a piston ig 5 feet, and its diameter is 4 feet, steam is 4 
admitted at 20 lbs. absolute (no baok pressure), and is out off at J stroke, 
find work done in one stroke. If steam be out off at \ stroke, and the final 
pressure is required to remain unchanged, what should be the diameter of 
the cylinder in order that the work done may also remain unchanged ? (log 
2 « '6981472, log 3 = 1-0986124). Ans. 153,192 ft.-lbs.; 43-1 ins. 

20. Explain by a sketch and index, a rope-brake dynamometer. State 

how it is used and enumerate its advantages. »* 


Having frequently found that students experience a difficulty in working 
out such questions as Nos. 16 and 17, I have thought it advisable*to give 
their solution in full so that they may the more readily understand hew to 
do similar questions. 

Question 16 of Lecture X VI1 

Given, A = Aiea of piston = 3 sq ft. = 3 x 144 = 432 sq. ins. 

P = abs. press per sq. in. = 15 + 15 = 30 lbs. 

» . . r . rr stroke of engine L 3 ft. . 

J ratio of expansion r 3 

N = No. strokes per minute = (revolutions) x 2 = 40 x 2 m 8(X 
log t r= 1-0986124. 


By formula, H.P. = 
Substituting numerical values— 


ALN {r t 1 + 1 °g» r > " ** I 




H.P. = 


H.P. = 


432 x 3' x go j (i + 1-0986) - o} 


33000 

432 x 3 x 80 x 10 x 2 0986 


= 65-0. 


a 

* 


33000 

N B —No value being given, p*, it is assumed as = 0 lbs 

Question 27, Lecture X VII. 

Given, d = diameter of cylinder = 3 J ft. = 42 ins. 

22 

A = »r 2 = y x 21 x 21 = 1386 sq. ins. 

P = 45 lbs. (assumed as the total pressure). 

L ss length of stroke = 5 ft. 
r ss ratio of expansion = 3. 

Required — The work done in one stroke. 

By formula— 

Mean presssure = - (1 +log € r) -pu m lbs per sq. inch. 
No value being given (or pb, it is assumed aa = 0. 


Work done ss space passed through x force applied* 

p 

„ * L x -(l+log c r)xA. 

ik* * 

Substituting numerical values— 

J l Work done as 5x^x (l+1-0986) x 1,386 

« fix 16x2-0986x1,386 
■= 218,160 foot-lbs. nearly. 


•i 
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21. Describe ft methodof obtaining the brake horse-power pf an engine, 
and State the advantages to buyer and seller of adopting this method over 
that of nominal or indicated horse-power. An engine is making 150 
revolutions per minute, the diameter of the brake pulley being 4 feet, and 
the pull on the brake 50-lbs., what is the B.H.P.? Ana. 2*85. 

22. The diameter of a steam cylinder is 8 inches, the stroke of the' 
piston is 18 inches, the number of revolutions per minute is 150, and the 
moan eifSbtive pressure of the steam is 35 lbs., find the I.H.P., taking 
w « 3f. The same engine is tested by a brake-pulley on the crank-shaft 
5 feet in diameter, the effective load on the brake being 294 lbs., with a 
radius of 2$ feet. Find the brake horse-power, and the working efficiency 
of the eqgine. And. 24; 21; 87*5 per cent. 

23. JEow would you set about testing an engine ? [Choose either a gas 
or an*oil engine, or a steam engine governed by throttling.] Measuring 
the steam or gas or oil used and the indicated ana brake horse-power, what 
sort of results would you expect to obtain for three tests under steady load 
of one of these engines ? It will be well to give a rough notion of the values 
aotually obtained in any set of tests which you have seen, or of whioh you 
have read. (S. & A., 1898, H., Part i.) 

24. Steam at 120 lbs. per square ijich (absolute), cut-off at one-fourth of 
the stroke; expansion curve, p v constant; back pressure 3 lbs. per square 
inch. Find the average pressure during the stroke, by calculating the 
pressures at a number of places. No cushioning, no clearance, release 
exactly at end of stroke. If the piston is 18 inches diameter, the crank 
1 foot, speed 100 revolutions per minute, and the engine double-acting, what 
is the horse-power? What volume of steam is admitted at each stroke? 
Also, how much per hour? If this steam measures 3*671 cubic feet to the 
lb., what is the weight of steam required per hour ? If the steam con¬ 
densed on admission is 40 per cent, of all that is supplied, what is the 
Weight of steam required per hour? (S. & A., 1898, Aav.) 

25. With steam at 120 lbs. per square inch (absolute), cut-off at one- 
fourth of the stroke; expansion curve, p o constant. Back pressure 3 lbs. 
per square inch. No cushioning, no clearance, release exactly at the end 
of the stroke. The piston is 18 inches diameter, crank 1 foot, speed 100 

the Napierian 
power ? What 
o, how much 

per hour? This steam measures 3*671 cubic feet to the lb. What is 
the weight of steam per hour ? If the steam condensed on admission is 40 

e ar cent, of all that is supplied, what is the weight of steam per hour t 
epe&t this calculation for steam whose initial pressure is 40 lbs. per 
square inch, the volume of 1 lb. being 10*4 cubic feet. Plot water per 
hour, and indicated horse power, and assume that a straight line connects 
your points. From this, what is the water per hour when there is no 
Indicated horse-power? (S. & A., 1898, H., Part L) 

26. Sketch and describe any good form of steam engine indicator, and 
explain what data you require in order to calculate the H.P. of an engine, 
besides the indicator card. (C. 4 G., 1900, O., Seo. C.) 

27. Take a hypothetical indicator diagram—no clearance, constant back 

1*7 iko MM __3_T -i. 1* T 1 •_•__ _1_1 fc_ 




200 wor 
being 


ru v* me eiroxe. Area oi piston xuu square mones, cram* i toot, 
king strokes per minute. Steam of the following initial pressures 
omitted, find in each case the crank-shaft horse-poWer, and the 
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weight of indicated steam per hour. Tabulate the results, and plot upon 1 
squared paper. The following information is given:— 


Absolute pressure of admitted steam, lbs. per sq. in., 

60 

100 

150 

Cubic feet of 1 lb. of admitted steam, 

8*24 

435 

S 

2-978 


(B. of E., 1901, H., Parti.) 

28. A steam electric generator on three long trials, each with a different 
point of cut-off on steady load, is found to use the following amounts of 
steam por hour for the following amounts of power :— 


Lbs. of steam per hour, . 

4,020 

6,650 

lndioated horse-power, . 

210 

■a 

• 

Kilowatts produced, 

114 

— v — 

s 

CM 



Find the indicated horsc-powcr and the weight of steam used per hour 
when 330 kilowatts are being produced. Find in the foui cases the amounts 
of steam used per Board of Trade unit (that is, per kilowatt hour). In 


20. A tost of a small steam motor and its boilor (in which the fuel used 
was petroleum) gave the following results:—(1) Weight of petroleum used 
per hour in boiler, 5*53 lbs.; (2) brake H.P. of motor, 3*75 5 (3) heating 
value of the petroleum per lb., 20,400 British thermal units; what is the 
thermal efficiency of the whole plant? (C. & G., 1901, O., Sec. O.) 

30. The two cylinders of a locomotive are together found to give an 
indicated H.P. of 432, and to roquire 7,560 lbs. of steam per hour. The 
feed temperature is 60° F. and the boiler temperature 361* F. Assuming 
that the efficiency of the boiler is 71 per cent., how many pounds of coal 
per hour are being burnt in the furnace ? (The total heat in a pound of 
steam above 32° F. = 1,082 4- 0*3 t thermal units, where t° is the tempera¬ 
ture of the steam; and the total heating value of 1 lb. of the coal used 
= 12,750 British thermal units.) What is the thermal efficiency of the 
cylinders? (0. & G., 1901, O., Sec. C.) 

31. Use the common hypothetic indicator diagram; expansion curve 
**pv constant”; no clearance or cushioning. A piston is 1 square foot in 
area, stroke 2 feet, 200 strokes per minute; find the indicated horse-power 
if the initial pressure of the steam is 120 lbs. per square inch. Take two 
oases—one in which the out-off is at half stroke, the othefr in which the 
cut-off is a* one-fifth of the stroke. This steam is initially 3*67 cubic feet 


horse-power. Find the number of yards for each of your two eases. 
Tabulate your answers. State also the number of yards per lb, of steam in 
eaoh of the cases. (B. of E., 1903, H., Part L) 
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* 32. In testing a double-aeting steam engine by a rope brake dynamo¬ 
meter, the diameter of the flywheel was 10 feet, the revolutions 100 per 
minute, the dead load on the break' 1,000 lbs., and the mean pull in the 
spring 100 lbs. The stroke of the engine was 30 inches, the diameter of 
the piston 15 inches, and the mean effective pressure 41 ’2 lbs. per square 
inch. Find the indicated and the brake horse-power, and also the 
mechanical efficiency of the engine. (C. & G., 1903, O., Soo. C.) 

33. ShQW, by means of a diagram, how the proportion of the indicated 
horse-power developed in the respective cylinders of a compound engine 
may be varied by altering the point of cut-off in the low-pressure oylinder. 
The ratio of the piston areas of a compound engine is 4 to 1, the initial 
pressure in the high-pressure oylinder being 105 lbs. per square inoh 
absolute) and the back pressure in the low-pressure oylinder 4 lbs. absolute. 
Steam is cut off in both the high- and low-pressure cylinders at *6 of the 
stroke. Find the ratio of the powers developed and also of the initial 
forces on the pistons in the two cylinders. Clearance may be neglected, 
the expansion curve assumed hyperbolic, and the admission and back 
pressures constant throughout. (C. & G., 1903, H., Sec. B.) 



NOTES ON LECTURE XVII. AND QUESTIONS. 
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LECTURE XYIII. 

f 

C^TEtfrs. —-Action of theCrank—Tangential and Radial Forces—Diagrams 
of Twisting Moments with Uniform and with Variable Steam Pressure 
on Piston, neglecting as well as taking Account of the Obliquity 
of Connecting-rod—Effect of Inertia of Moving Parts—Case of a 
Horizontal Engine with Connecting-rod of Infinite Length—Example 
I.—Indicator Diagrams as modified by Inertia—Graphic Representa¬ 
tion of the Inertia—Case of a Horizontal Engine with Connecting-rod 
of 'Finite Length—Example II.—Position of Instantaneous Axis of 
Connecting rod—Crank Effort Diagrams of “ The Thomas RubsoU 
Engine” and of a “ Triple-Expansion Engine”—Crank Effort Diagrams 
of the Quadruple Expansion Five Crank Engines of S.S. “ Inohdune 1 
—Example III —Questions. 

Action of the Crank—Tangential and Radial Forces.—In most 
steam engines the conversion of the reciprocating motion of the 
piston in'o circular motion is effected by means of the crank < 
and connfcting-rod. 

The turning or tangential force exerted by the connecting-rod 
on the crank varies with the position of the crank itself. Thus } 
when the centre line of the crank coincides with a line drawn 
through the centre of the cylinder and the centre of the crank 
shaft f the crank is said to be at the “ dead points/ 1 and the 
oonnecting-rod exerts no rotational effort on it The crank 
arrives in those positions twice in one revolution, just when on 
the point of reversing the direction of motion of the piston. 
These positions are 0 A and 0 B in the next diagram. Again, 
when the crank is at an angle of about 90° to the centre line 
through the cylinder and crank shaft, the tangential force is a 
maximum. 

Diagram of Twisting Moments—Neglecting Length of Connecting- 

Bod.—The simplest case is that in which the pressure on the piston is 
uniform throughout the stroke, and the obliquity of the connecting-rod 
is neglected. Then the pressure or thrust, Q, on the connecting-rod is 
equal to the total pressure, P, on the piston (see next figure). 

Suppose the crank to be in the position, 0 Ci, then by the parallelogram 
of forces the .thrust, Q, on the connecting-rod may be resolved into two 
components, one, Ci R, acting along the line of the crank and representing 
a radial pressure, R, on the cr&nk-snaft bearing; the other, Oil, acting at 
right angles to 0 C u and representing the tangential pressure, T, acting on 
the crank pin. Of course, the whole thrust on crank-shaft bearing is equal 
to the whole pressure on piston. 

Let the angle AOCx = Z QCiO * 0 f \ * CiQisU to AO, 

Then the radial pressure, R, or CiR * Q.cos A 
And the tangential pressure, T, or C* T s Q. sip A 
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These components may be plotted out separately for every position of the 
orank by curves in the following manner:—Let OOi represent Q, to any 
Convenient scale, and lay off to the same scale Otfi=T=CiT, the tangential 
component of Q. Then t\ is a point on the curve, and 0 1\ measurejtto 
scale the tangential pressure on the crank pin for the position, OCiJrof 
the crank. To find other points on this curve, take any other position of 
the crank and plot off along that line of the crank the tangential component 
of Q for that position. If we find a number of points and join them, they 



Polar Curves of Tangential Force (T) on Crank Pin, and Radial* 
Thrust (R) through Crank, with Uniform Pressure on Piston 
and Neglecting Obliquity of Connecting-Rod. S 

will be found to lie on the circumference of two circles described with 0 to 90# 
and 0 to 270° as diameters. Similarly, if we lay off 0 r x on the position* 
OCj, of the crank, equal to the radial component of Q, for that position 
of the crank, and do the same for a number of other positions, we have, 
joining the points, two complete cucles described with OA and OB 
diameters, representing the radial thrust on the crank-shaft bearing £ 
anv position of the crank. In the position of the crank taken (6 = 45*) thS 
radial and tangential components are equal, and, therefore, r x coincide* 
with t x . These circles are known as “Polar” curves For anv othef 
position. 0 C«, of the crank, the tangential or turning force is given by 0 fe. 
Whilst the radial thrust on the crank shaft is given by 0 r* 

The TWiepNO or turning moment or torque on the crank shaft at any 
p&ittofa it equal to the tangential pressure on the c rank pin in (hat position 
mdti.plied by the length qf the crank . 



ORAXK-TWISTIXa MOMENTS. 
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•Let r = radios of crank-pin circle or the length of the crank, 

„ 0 a the angle made by the crank with the line of dead points. 

Then %e twisting moment ■ Qrsin $. 

Or, „ „ as P r sin 6 (for in this case P ss Q), 

Since the polar curves, O to 00° and 0 to 270°, represent the tangential forces 
(P • Bind), their values must be multiplied by r, the length of the crank, 
in order to find the Twisting Moment at any point; but, seeing that, r, 
is constant, the polar curves may be taken to represent the relative values 
of &ie twisting moments. 

The twisting moments may also be represented by the following diagram, 
in winch the horizontal line represents the path of the crank, and the height 
of each vertical ordinate gives the tangential force or the twisting moment 
for that point. To draw the diagram for one stroke of the piston, or one 
half revolution of the crank, lay off a horizontal line equal to the semi* 
circumference of the crank-pin circle, and divide it into 10 equal parts, 
Each division then represents a movement of 180 + 10 = 18° of the crank. 



{Both Curves are Drawn on the Assumption of Uniform Pressure on Piston , 


Then calculate by the above formula, or plot out by the previous diagram 
f polar curves, tangential pressures for each of the 10 positions of the crank, 
nd lav them off vertically at each division. ^Toin these points, and we 
ave the above full line curve whioh represents the twisting momenta for 
be half revolution, neglecting the obliquity of the connecting-rod, apd 
Mien the pressure on the piston is uniform throughout. A curve for the 
fedial thrust through crank could be plotted out in the same way. 

In the early days of the^ steam engine, it was imagined that the use of the 
trank and connecting-rod involved a considerable loss of the work developed 
►n the piston. The fallacy of this idea may now be made clear, , 

The pressure on the crank-pin in the direction of rotation is = P sin $ j 
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therefore, in order to obtain the mean tangential pressure during a half « 
revolution of the oranh, we have only to nnd the 
mean" value of sin 0, and multiply it by, P, the total 
mean pressure on the piston. 

Foy an approximate result take the value of sin 0 at, 
every 10 degrees of the crank’s movement and divide 
the total by 18, the number of divisions' taken, thus— 


11*428 

• \ P x • . =Px *8349 ss (mean pressure). 

Hence, if L = length of stroke = 2r. 

The work done on the crank in one revolution 
as Total mean pressure x distance passed through, 
as P x *6349 X 2 srr, 
a P x *6349 x 8*1416 x L = 1 9946 PL. 

Which is practically the same thing as 2 P L. But, 
the work done on the piston during one revolution 
ib also equal to 2 PL. Consequently the employ¬ 
ment of the crank and connecting lod involves no 
loss of power if we neglect the power absorbed by 
friotion due to bearing surfaces, &o. * 

Non —No snob combination of mechanism as the crank and connecting-rod can Involve 
a loss of power (neglecting friction), as it would be oontiary to the 44 principle of the con¬ 
servation of energy " 

Diagram of Twisting Moments—Taking Account of Length 
of Connecting-Bod.— The next case is that m which the obliquity of 
the connecting-rod is taken into account, f 
and the pressure on the piston is supposed 
uniform. In this case, the twisting moment 
is equal to tlie total •pressure on the pistons 
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multiplied by the distance from the centre 
qf the crank shaft to the point where the 
centre line of the connecting-rod produced, 
cuts the line drawn through the centre of 
the crank shaft at right angles to the 
piston’s motion. 

Diagram of Twisting Moments—Taking Account of Length 

of Connecting-Rod. 

Nova tq Fionas —The pressure along connecting-rod and on the orosshead guides 
he found graphically for any position, thus— 

JiCtPO «* P, the pressure on piston to any convenient scale. 

Then BVdQ, the aireetlon and pressure along connecting-rod to the same scale. 
^VpeQv the direction and pressure on the lower orosshead guide to same eci% 


BntPVcosf aPO 
Or O«o**-* F 


. .OV G 
And 


tan# 
. (Jar PUn* 
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engine, 


^ VOE = ^/OPV = <p, the inclination of the oonneoting*rod to 
centre line of engine, 

P 

Now the twisting moment = Q x OB = —- x 0 V cos 0 =s P x 0 V. 

cos <p 

Knowing this, we can readily construct the polar curves. Suppose the 
crank in* tne position, OC, produce the centre line of the connecting-rod to 
cut the line O V in V With centre, O, and radius, 0 V, describe the arc, 
V t y cutting 00 in t Then, £, is a point on the tangential pressures or twisting 
moment’s curve, and the twisting moment for the position, 0 C, of the orank 
is thus P x 0 1, A similar construction for all the other positions of the 


twisting mqment at each of the 10 different points by this method on 
the reotangular diagram (page 287) as before, and we get the dotted line 
which shows the new diagram of twisting moments It will be noticed 
that this ourve rises more abruptly during the first quarter of a revolution, 
and falls flatter during the second quarter than when the obliquity of 
the connecting-rod is neglected, thus indicating a greater pressure on the 
crank pin during the first half of the stroke; also, the maximum pressure is 
reached before half stroke. 

We can calculate the several twisting moments in this case without the 
aid of a scale diagram, thus— 

p 

The pressure Q = --, also the angle O C V = 0 + 0, 

COS 0 

Since OOP + 00V = 9 right angles, and OOP + 0 + f = 2 right angles 

.• tangential pressure on crank \ / P \ . „ sin (0 + 0) 

pm = T = Q’sin (0 + 0) J = Us +) sm( * + oS? J * 

the twisting moment = Pr — — 

cos 0 

i k _ 

Where r sin I = / sin #, r being crank radios, and l the length of oonnecting-rod. 

It is, however, more tedious to work out the results by this formula than 
by the previous graphic method. 

I. ^e^rfiortemMtiie^qjme^g^ is to increase the effort upon 
||he oranSpIn At tile banning of lihe stroke, and to decrease it toward* 
f the end, thus causing greater irregularity in the tangential pressure on the 
f erank, and greater stress on the crosshead guides. The pressure on the 
{latter is = 6 — P’tan 0, as seen from the last figure and the footnote 
loelow it 

* The actual state of things which takes place in practice is, however, not 


» 
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piston corresponding to the various positions of the orank by diagram 
(Leoture XT v.), ana mark these off on the indicator diagram. The steam 
pressure for the several positions of the crank can then be rdad off, and their 
values inserted for, P, in the equation P x 0 V or in P r sin (0 4- <#>)'•$*■ cos <£. 
The curve of twisting moments on the crank due merely to steam pressure on 
the piston may then be constructed, as shown by the following diagram 


C * 



On comparing this curve with the two previous curves, it will be seen 
that between the points, G and B, it falls much lower; this is due to the 
fall of steam pressure during expansion The rectangle, AMNB, is of the 
same area as the iigure, A 0 B, and, therefore, A M represents the mean 
twisting moment due to steam pressure on the piston. 

When the engine has two cylinders having their pistons working on 
separate cranks, the curve of total twisting moments on the orank shaft 
can only be obtained by combining the curves of twisting moments for 
each crank. This is shown in the following figure, which represents 
the combined twisting moments on the orank shaft of an engine with two 
cranks at right angles to each other i — 



' * Curve o? Combined Twisting Moments tor two Cranks at 

y Eight Angles to each other. 
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UFFEOT Of IHBBTU OF MOVING PARTS. 

AOB ip the cu»re of twisting moments on one crank, and 
A l 0 1 B 1 the curve of twisting moments on the other crank 
during one-half revolution, the remaining curves being for the 
other half revolution. To find the total twisting moment at any 
point, a, draw the vertical line ad, and make ad = ae + ab 
(».«., the sum of the twisting moments on each crank). By 
finding a number of points in this way, the whole curve of total 
twisting moments may be plotted out. 

Effect of Inertia of Moving Parts.—In finding the twisting 
moments by these methods, we have neglected a most important 
effect—viz., the variation of effort on the crank shaft due to the 
inertia of the moving parts. Since the piston is brought to rest 
at the end of each stroke, the inertia of the piston, piston-rod, 
crosshead, and connecting-rod, has to be overcome at the beginning 
of each stroke, in order to start the motion, and a portion of the 
energy of the steam is absorbed in doing this; therefore, the 
actual effort on the crank m the firBt half of the stroke is leaf 
than that given by the curves. The energy whioh is imparted 
to the moving parts is, however, given out on the crank during 
the latter part of the stroke, when these moving parts are being 
brought to rest; therefore, the effort on the crank during the 
second half of the stroke is greater than that shown by the curves. 
On the principle of the conservation of energy this alternate 
acceleration and retardation can neither add to, nor subtract 
from, the total power developed during the stroke. In ordinary 
cases, therefore, the inertia of the moving partB acts as a fly-wheel 
would do, and tends to equalise the effort on the crank. The 
effect, however, at different parts of the stroke is very interesting 
and instructive, especially when high-initial pressure and a large 
range of expansion are adopted, combined'with heavy and quickly- 
moving parts. Allowance may be made for this inertia, if the 
weight of the moving parts and their velocity are known. We 
can make an alteration on the indicator diagram, reducing the 
effective pressure at the beginning of the stroke and increasing 
it at the end. The steam and the inertia stresses can, however, 
be combined, only so far as some of the effects are concerned. 
They are combined, of course, in their pressure on the crank pin, 
<fcc., but since the dynamical stresses are not taken up altogether 
by the engipe framing, provision must be made for transmitting 
them to the engine foundation. These dynamical stresses, intro¬ 
duced by arresting the momentum of the moving parts, produce 
a much more serious effect in fast-running engines than is 
usually supposed. 
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Effect of Inertia on Moving Parte of a Horizontal Engine with Connecting • 

Rod of Infinite Length . 

The student should now try to follow the following investigations and 
praotioal examples. 

All reference to trigonometry, co-ordinate geometry, and the differential 
calculus has been dispensed with; and any student with a knowledge of 
elementary geometry and mechanics will, by carefully following the argu¬ 
ment, grasp this subject sufficiently for all practical purposes. 

It may oe well to state that we shall not take into account oil the 
effects resulting from the conversion of reciprocating into circular motion 
by means of a crank and connecting-rod, but only those effects which 
directly influence the propelling force on the piston of the engine/ and 
unless otherwise stated, we shall suppose the engine to be horizontal. 

The first case is that m which the motion of the piston is the same as 

if the engine worked with a connecting-rod 
of infinite length, such as, for example, in 
the common donkey engine arrangement 
where the crank-pin works in a slotted cross¬ 
head at right angles to the direction of the 
piston’s motion. 

In the figure, let 0, be the centre of the 
crank shaft, OC, the crank, and, AB, the 
centre lino of a horizontal engine of stroke. 
AB. 

From any position of the crank-pin, C, 
draw the ordinate, CD, at right angles to 
A. B. 

Then when the crank-pin is at, C, the 
piston has evidently moved a distance, AD, 
and the speed of the piston is always that of the point, D. 

When a point, such as D, moves on a diameter so as to always be at 
the foot of the ordinate drawn through a uniformly revolving point as, C, 
D, is said to move harmonically with, C. 

We have to find what force must act on the piston at each moment to 
make it move thus harmonically. 

Now a heavy point, 0, moving uniformly in a circle, may be supposed 
to have its motion compounded of a harmonic motion in the direction, 
A B, and a harmonic motion in the direction, E F, at right angles to, A B. 
.Each of the forces producing these motions taking effect m its own direction, 
irrespective of forces and motions at right angles to it. 

That is, if, D, be a point of equal weight with, 0, the force moving, C, 
horizontally at any moment is the same as that moving, D, because the 
M velocity of, C, is always equal to that of, D. The force acting 
on, C, at any moment makes no difference horizontally* 
resultant of the vertioal and horizontal forces on, C, is the force 
OOtnpels it to move in a cirole, that is, it is equal and opposite to 
hi commonly termed the centrifuged force of, C. 

fcTfi? V*p" 5?25? tat ? Pro *.. F fe- n ? ln g PobUataed Intha Transaction of Ot Royal 

Mtty of Edinburgh, vol xxtffl (1879),p 708, to Whioh will be found a rigorou. analyrfaof 

nuriM& ,tewn of P™*®* 1 proportion., aoeompanled by com. 





tmot or wemia 01 f moving *abi». 
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Therefore the force on the piston making it move harmonically on, A B, 
Is the horizontal component cf centrifugal force the piston would exert 
if ite weight were concentrated at the centre <tf the crank-pin and revolved 
with it. 

If, GO, represents this centrifugal force, then, DO, represents the 
accelerating force when the piston is at, D. 

At the beginning of the stroke, DO = AO. Erect the perpendicular, 
AM =?AO, to represent the accelerating force when the piston is at, A. 

At half stroke, 1)0 = zero. 

At any intermediate point, the ordinate, D P, intersected by the straight 
line, M O, equals, DO, the accelerating force for the position, D. 

Frqm half-stroke to the end, the acceleration is negative, and the 
ordinates mnst be measured below the line of abscissae The triangle 
0 B N, equal to, 0 A M, represents the retarding forces. 

The algebraic sum of the two triangles, on the principle of the con¬ 
servation of energy is zero, because the mass starts from rest and comes 
to rest again. So the inertia merely affects the distribution of power 
during the stroke, not its amount. 

We see that the accelerating force is greatest at the ends of the stroke 
where the motion is slowest, and is nil at half stroke where the motiom 
of the piston is fastest. It is not the velocity, but the rate cf change of 
velocity which demands the aocelerating force. 

We have to find the numerical value of the centrifugal force. 

This is given in all elementary treatises on meohamos as— 

W v 2 _ mv 2 
gr ~ r ' 


Where, v, is velooity in feet per second, r, is radius of oirole in feet, 
and, m 9 mass m units of mass. 

Engineers do not use this notation, for they speak of so many revolutions 
per minute in a circle of so many feet radius, and they measure mass by 
weight. 

W 

So m as — — oo > W being in lbs., and g the acceleration of gravity, 
g 64 

Let N = number of revolutions per minute. 


Then, 


wv 2 _ W /2*jrrNv 9 
r ~ 32r * \ 60 ) 

„ = -000341 W r N*. 


This is a well-known formula for the centrifugal force of a body. 

We are now in a position to correct the indicator diagram for any engine, 
and to say how much less the pressure on the orank-pin is, than that on 
the piston at the beginning, and how much greater at the end of the 
stroke. • 

Example L—The stroke of an engine with a slotted orosshead is 4 feet, 
the diameter of the cylinder is 20 inohee. The effective pressure is 40 lbs. 
at the beginning ana 20 lbs. at the end of the stroke, the weight of the 
reciprocating mass is 1,266 lbs. What are the pressures on the orank-pin 
at the beinnmg and end of the stroke, at 60 revolutions per minute ? , 
Area of a cylinder 20 inches diameter = 314 square inches. 
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Accelerating force at ends of stroke from the previous formula. 

*000841 WrlP» *000341 x 1,256 x 2 x 2,50Q = 2,141 lbs. 

Pressure on piston at beginning of stroke = 314 x 40 =* 12,560 ib$. 

Pressure on crank-pin at beginning of stroke 12,560-2,141=10,418 lbs. 

Pressure on piston at end of stroke = 314 x 20 = 6,280 lbs. 

Pressure on crank-pin at end of stroke = 6,280 + 2,141 = 8,421 lbs. 

The pressure on the crank pin is thus much more equable than would 
be the case if the parts were not possessed of inertia. 

Suppose it is required to make the pressure at the beginning exactly 
equal to that at the end of the stroke, the weight of the parts being 
unaltered, but the speed changed What number of revolution^ will 
make the accelerating force at beginning and end of stroke, equal to half 
the difference of the greatest and least pressures on the piston ? 

Greatest pressure, . . . a 12,560 lbs. 

Least,.= 6,280 lbs. 

Half difference, . . = 3,140 lbs. 

Let, x, be the number of revolutions required. 
m Then, *000341 x 1,256 x 2 x x a = 3,140, whence x = 60 rev^ nearly. 

Suppose we are restricted to 50 revolutions, but may vary the weight 
of the reoiprooating parts to obtain the same result. 

Let, W, be the weight required. 

Then, *000341 x W x 2 x 2,500 = 3,140, .*. W = 1,840 lbs. 

Indicator Diagrams as Modified by Inertia— To find the pressure 
as modified by the inertia for any point of the stroke, take, ABODE 
as the indicator diagram of an engine. 




Indicator Diagram Converted into a Stress Diagram 
on CrAnk-tin with Connecting-rod ov Infinite Length. 




ftPFW to o# umm "ok vovim Hats. 
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Then to the same scale to which, A E, represents initial steam pressure 
x area of piston, draw, EM and DN, to represent accelerating force at 
ends of stroke. Join M and N by the straight line MON. 

Them MEODN, it the inertia diagram, and, MON, thus becomes the 
virtual base of the figure, from which pressures are to be measured instead 
of ED. With these heights measured from a horizontal 1 base line the 
Indicator diagram takes the following form:— 



Previous Indicator Diagrams Corrected vor Inertia. , 

Suppose by increasing the speed of the engine or the weight of the 
reciprocating parts, the ordinate, EM, becomes equal to, AE, that is, 
the accelerating foroe is equal to the whole pressure of the steam on the 
piston: then there is no pressure on the crank-pin when the engine is ob 
the centre, and as the piston advances the pressure will gradually increase, 
and become excessive towards the end, even with such a comparatively 
early cut off as shown on the diagram in question. The corrected card u 
as follows:— 



Previous Indicator Diagram Corrected jor Increased Inertia. 

With very high speeds or heavy parts the ordinate, EM, may be 
greater than, E A. The piston will then at the beginning of the stroke 
Fag behind tne crank, ana be dragged until the acceleration ordinate and 
steam ordinate become equal Indeed, with an early cut-off the piston 
may dreg again at a later period of the stroke, as shown in the pext 
figure. 
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Here the inertia line, MON, outs the steam line at, K, L, and R. 
From, M to K, the pressure is negative, and power represented by area, 



Diagram showing Four Shocks in One Stroke of Piston. 


M A K, must be spent on the piston From, K to L, the piston urges the 
engine, doing work on the crank equal to, K B L. From, L to R, the piston 
again drags and absorbs work equal to the loop, L R; and thereafter the 
piston drives the engine. The corrected diagram is as follows:— 

O 



It js needless to say that such a condition is not desirable in practice, 

We now pass on to the more usual case of engines working with a 
conneoting-rod of finite length* 
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Connecting-rod of Finite Length.— Let* PC, be the connecting, 
rod and, C O f the crank. 

Then at the commencement of the out-stroke from, A to B, the motion 
of the piston is more rapid than in the pure harmonic motion, the travel 
being for a certain position of crank-pin, AD a , instead of, AD}. At the 



beginning of the return stroke from, B to A, the speed is less than for 
harmonic motion, the travel corresponding to the position of orank-pin 
shown being, BT S , instead of, BTi. 

It is plain that the mere raising or lowering the big end of the 
connecting-rod in a vertical line, will make, P, approach, 0, with a certain 
acceleration. And the force necessary for this, must be added to that 
required for true harmonic motion when the engine is on the ‘ near * centre, 
A, and subtracted for the 1 far ’ centre, B, 

Now, what is this accelerating force? 



Accelerating Force at Inner Dead Centre due to a 
Connecting-rod of Finite Length. 


In the above fig., PA, is the connecting-rod as before. We suppose 
the end, A, to ascend the vertical line, A A*; then, P, will be drawv to, 
Pi, and, Pi Aj, is a position of the connecting-rod. 
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With centre, 4, desoribe the arc, PG. Now we are only concerned 
with the velocity of, A, at the moment it leaves the line, PO: what its 
velocity is afterwards cannot affect the acceleration of, P, at that moment. 

Suppose, therefore, the point. A, to ascend, A Aj, harmonically with the 
point, G, revolving uniformly in the circle, P G, with the velocity of the 
crank-pin. Then, obviously, Pi, moves also harmonically with, G, on’ 
line, PO. t 

Therefore, when the big end of the connecting-rod leaves the centre line, 
P 0, with the said velocity, the accelerating force on, P, is the centri¬ 
fugal force it would have when moving in a circle with radius equal to 
the connecting-rod, with the velocity of the crank-pm. 

But with a given linear velocity, the centrifugal force is inversely as 
the radius: therefore, if the connecting-rod is, w, times the length ox the 

crank, the accelerating force due to the connecting-rod will be, that 

due to the crank, and the net acceleratmg force when the engine is on the 

near centre will be, 1 + and when on the far centre, 1--, times that of 

n 9 n 9 

an engine with pure harmonic motion. 

* Example II. —The reciprocating parts of an engino weigh oiif ton. The 

stioke is 3 feet 6 inches, and the revolutions 80 per minute. The con- 



neoling-red is 7 feet long. What is the accelerating force oh the ne 
and far centres? 
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Hera « as 4. Therefore the aocelerjitjpg fotoe on near centre will be— 
•000341 WrN 9 . 

(41 x 2,240 x 1*75 x 6,400 x | = 10,700 lbs. 


ins 


And on far centre 10,700 x ~ =6,420 lbs. 

It is evident that the accelerating forces, when the engine is on the 
“dead points,” are by far the most important; first, because they are 
there greatest, and secondly, because the motion of the piston changes 
its direction there. 

We may, however, investigate one other point in the inertia diagram, 
viz.:—that at which the acceleration is nil, or the point where the line 
corresponding to, MON, in the figures for an infinite connecting-rod, 
cuts the base line. (See fig. on previous page). 

Obviouslv the acceleration is nil when the speed of the piston is greatest. 

Let, PjO, be any position of the cgnnecting-rod. Produce, P x u, to cut 
0 E, in, G. Draw, P x H, at right angles to, P 0, and produce, 0 0, to 
cut. P x H, in, H. (See fig. on previous page). 

The connecting-rod at any moment is moving about an instantaneous 

• 1 W • a • ■ a a • W | • m m f . | f 



“I 


;les to, 0 0. 

herefore, H, is the instantaneous axis, and the velocities of, Pi and 0, 
are in the ratio, HPi to HG. That is, by similar triangles, the ratio, 
0 G to 0 0. 0 G, therefore represents the velocity of the piston. 

By drawing the length of the connecting rod on a piece of tracing paper 
and applying it to the diagram, keeping. Pi, in the line, P 0, ana, G, in 
the circumference, a position of, Pi, can be found for which, 0 G, is a 
maximum. To find this position of, P, by calculation requires the use 
of the higher mathematics, which is purposely avoided here. 

Take the indioator diagram of an engine as, A B 0 D E. 



Suppose the connecting-rod is 4 crahks long, a very common proportion, 
Pina, hv< trial, with a piece of tracing paper, as shore, the peeitiop, 0. 
of the piston when its velocity is greatest. With this proportion o 
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co nne cting-rod, 0, will be found at a distance, 0 Oj, from mid*stroke a 
little more than ^ of the half stroke, Oi E. Mark off to the propet scale, 
EM = li times the centrifugal force of a weight equal to that of recipro¬ 
cating parts revolving with the crank-pin, ana, D N = f of that force. 

(If the connecting-rod were 5 cranks long these amounts would be 
respectively 1£ and £ of the force). 

Draw a fair curve through, MON, bearing in mind that the triangles, 
MOE, ODN, must be equal in area, representing as they do the same, 
vie viva. Though not mathematically exact, this line, MON, will very 
approximately represent the inertia diagram: and the pressures on the 
crank-pin are measured by vertical lengths, intercepted between, ABC 
and MON. Placed on a horizontal base, the amended diagram becomes 
the following figure. * 



Corrected Figure for the Previous Diagram. 

It will be seen that a considerable error m the line, MON, will not 
greatly affeot the shape of the figure, provided the points, M and N, are 
accurately determined by the method given above. The point, 0, has 
been referred to, not because it is important, but in order to show the 
student that it is unimportant. 

We have hitherto supposed all the reciprocating weights as having the 
same motion as the piston, and as being concentrated at, P or Pi, the 
centre of the orosshead. This supposition introduces no error into the 
estimation of accelerating forces caused by the motion of the crank 
alone: but in the case of the connecting-rod it will be seen that the 
motion of its centre of gravity caused by moving the 14 big end" off the 
oentre line (see lower fig. on p. 29/), is not the motion of, Pi, towards, 
A, but one-half that amount, supposing the centre of gravity to be at the 
middle of the rod. Therefore, striotly, if, W, be the weight of all purely 
reoiprooating parts, suoh as piston, piston-rod, and crosshead, and, w, 
the weight of the connecting-rod, the accelerating force on the centre 
instead of being 

•000341 (W + u>) r N 8 (l + 

lei, -000341 WrN»(l +-000341 torN*(l 

If instead of being horizontal the engine be vertioal, the effect of 
inertia is just the same, but the pressure on the crank-pin will be further 
affected fey the weight of the reciprocating parts, which must be added 
at every point of the down stroke, and subtracted for the np stroke. 

9 In the oaae of a diagonal engine, the vertioal component of the weight 
must be so added or subtracted. 
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Crank Effort Diagrams, —We shall now explain, by aid of the 
following figUT6 f tow to construct ft crank effort diagram, when the 
obliquity of the conneoting-rod and the varying pressures on the piston are 

fatran infn onnmtnf * 



Crank Effort Curves of “ The Thomas Russell Engine.* 


effort curve ha 
Engine " In Ui< 
fcroke *= 12 in*. 


* The front and back indicator dli 
been drawn) were taken from “ The 


'from which the above crank < 


been drawn) were taken from “ The Thomas Russell Experimental Steam 
authors laboratory. Hie diameter of the cylinder a s ins.; length of s 
length of connecting-rod as86 ins.; revolution* per nlnute»i$a 
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(X) Transfer the indicator diagrams from the cards to a sheet of paper, 
taking care to make them at least 4 inches in length for clearness. 

(2) Some distance below the redrawn diagrams put down a line, AB, 
parallel to the atmospheric line and equal in length to the diagrams. 

(8) Upon A B, as a diameter, draw the crank-pin circle and divide the 
same into any convenient number of equal parts. 

(4) Project each of these points of division vertically upwards, so as to 
cut the indicator diagrams. i 

(6) For the first point to be considered on the crank-pin circle, take that 
which is vertically over the centre of the crank. Measure the pressure on 
the piston (from the indicator diagram) corresponding to this point and 
plot It along the centre line of the connecting-rod as produced through this 
point. 

(0) Resolve this pressure (as plotted along the centre line -of fee con¬ 
necting-rod) into two forces at right angles to each other—-viz., one along 
the orank centre line and the other at right angles to it—i.e., tangentially 
to the crank pin circle. 

(7) Do precisely the same for each of the other positions into which the 
crank-pin oirclo is divided. 

(8) Produce the several centre lines of the crank for each of these 
positions and plot off on each centre line, from the crank-pin circle, fee 
corresponding tangential pressure to fee same scale as the indicated 
diagrams. By joining these points the crank effort diagram is obtained. 

(9) To Find the Mean Tangential Pressure Line — 


Let P m = Mean pressure on piston (from indicator diagrams). 
„ r = Radius of crank. 

„ P e = Mean tangential pressure on crank-pin. 

Then P m x 2r = P< x «rr 


• ■ 


P* = - 


Pm x 2r 


ff 



(10) In drawing the “ crank effort curves ” for compound, triple, or 
quadruple expansion engines, the several indicator diagrams have to be 
reduoed to one scale, as explained in LeotureXVL Then, the several 
steam pressures (for the several positions assumed on fee crank-pin circle), 
in the case of the intermediate and low-pressure cylinders , must be multiplied 
by fee ratios of the areas of those cylinders with respect to the area of fee 
high-pressure cylinder before resolving their respective piston pressures 
along the centre lines of the several positions occupied by feeir connecting- 
rods. We have been fortunate in securing, for a practical example wife 
whioh to illustrate this case, copies of the indicator diagrams taken on fee 
trial trip of a steamer recently built by one of the best Clyde firms. There 
was nothing abnormal about fee diagrams; consequently we need not 
reproduce them on the combined diagrams to one scale/ from whioh we 
obtained the following set of “crank effort curves.” The “total crank 
effort curve ” is obtained by summing up fee pressures on the three-crank 
effojrt curves along fee respective radial ordinates to the tangential pres¬ 
sures on the crank-pin circle. The 11 mean crank effort curve found, as 
e$pl*ined under (9). The chief data connected wife this case is given 
immediately below the figure. 
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Crank Effort Diagram of a Triple Expansion Engine. 


Ratio of expansion, 10 4 

Length of connecting-rod = 9 feet. Stroke = 4'5 feet. 

Mean efficiency of steam, or ratio of area of work in cylinder to full 

theoretical diagram, 55 per cent. 


Cylinder’s diameter, . . . 28" 46" 77 

. 615-8 1661*9 4651 

Mean pressures, lbs. per sq. in., . 67 6 28-2 9 . 

Range of temperatures, Fah., . 64-3’ 74 - 9 " $0i 

Steam, 164 lbs. j Vacuum, 26* ins.; Receivers, 52 and 5 lbs.: 

- Revolutions, 624 per minute. 


ip. 

46* 

1661*9 

280 

28-2 

74-9* 


LP 

77* 

4656*6 

7*56 

9*7 

80-6° 


Cutoff H.P. 
>, LP. 
)> L.P, 


334 ins. 


I.H.P. = 710L.P. 
= 799 LP. 
= 764H.P. 


*1 


ff 

» 


2273 total I.H.P, 
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Crank Effort Diagram of the Quadruple-Expansion. Five-Crank ' 
Sngines of S.S. “Inchdnne.” —The illustrated description of these 
ngines is given in Lecture XXIII. The necessary calculations 
vith explanations and the drawings from which the accom- 
>anying folding-plate haB been directly reproduced by photo¬ 
graphy were kindly supplied to the author Dy his old student, 
Hr. William 0. Borrowman, M.Inst.O.E., General Manager of 
ihe Central Marine Engineering Works, West Hartlepool, who 
lesigned the arrangement of engines and boilers. 

The following calculations show clearly how the foregoing 
educational illustrations and descriptions are applied in practice. 
The results thus obtained were highly gratifying to the designer, 
aot only in the even subdivision of the powers derived from 
ihe five cylinders, but in the mean crank effort diagram, com¬ 
parative freedom from stresses and vibration; but also in the 
unprecedented economy in steam and coal of these engines and 
boilers. (See the facing folding-plate.) 


)9 


S.S. “Inciidune” Engines. 

' Preliminary Lata .— 

Diameter of cylinders, . 17, 24, 34, 42, 42 inches. 

Length of stroke,.42 

Diameter of piston-rods.• . . 4£ 

Length of connecting-rod,.7^ feet. 

Boiler pressure — 265 lbs. by gauge, or 280 lbs absolute. 
Vacuum by gauge,.=27 inches. 

Method of Calculating Inertia and Gravitating Effect of the 
Reciprocating Pa/rts —viz., piston, piston-rod and £ connecting- 
rod. (The crank-pin, webs, and ^ connecting-rod are supposed 
to balance each other.) 

Inertia effeot for an infinite ( _ Wo 2 -u 2 (2 nr x N) 2 

connecting-rod j “ g r ~ g ~ (60) 2 x 32-2 


» 


n 


» 


D 


(2*rN) 8 4x22x22x100* 

" 32-2 x 60*~ 7 x 7 x 32-2 x 60* 

- 3*4056. 


When W «* 1 ton (weight of reciprocating parts), 
r 1 foot = radius of oiank-pin circle. 

N « 100 revolutions per minute. 
v *» velocity of orank-pin in feet per second. 
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Correction of inertia If Inertia effect for an infinite con- 
effect for finite rod j aP \ necting-rod x constant. 


3 # 4056 x cos 6 + 


n 2 cos 2 6 + sin 4 6 


-±/- 


( n 2 — sin 2 0)8 

When % 6 = angle made by crank with line of stroke. 

^ l =* length of connecting feet in feet, 
r = length of orank in feet. 

_ length of connecting rod l 
. ~~ length of crank ~ r* 

But, as inertia effect increases directly as W, r, and N 2 , 
±/(W x r x ^00)2/ 3=1 x a cons ^ an ^ 

T aU . length of Connecting-rod l 7 5 . 

9 length of crank r 175 

N =» revolutions per minute — 70. 

2 = length of connecting-rod = 7*5 feet, 
r = radius of crank = 1*75 feet. 

Wr ** ' 


Then, 


Inertia effect 




(my) 

„ „ - ±/(Wx 1 75 x t^j). 

Hence, Total effect of) , 70 x 70 \ 

inertia and gravita- l = ±/^W x 175 x + W. 

tion, P J /ffnr down af,mlr 


*9 


99 


99 


-+/( 


W xl-75x 


(Fpr down stroke.) 
70x70 


i)-w. 


100 x 100 , 

(For up stroke.) 


$ 


Cylinder 

Number 

Weight of 
Reciprocating Parts 
in Tons 

Total Inertia and Gravitation 
Effect 

1 

9569 

±(/x -8206)+ '957 

2 

1*108 

±(/x *9501) ±1-108 

3 

1 437 

±(/x 1-2327) ±1437 

^ 4r 

1*4634 

±(/x 1-2549) ±1-463 

Y A 

1-69 

« 

± (/ x 1-3834) ± 1 590 

• 
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It will be seen for this column that, for the same position of the pist on, the combined inertia and gravitation effect for the 

up stroke is the same as for the down stroke f but with the signs changed. 














Crank Effort Diagrams for No. 1 Cylinder of S.S. u Inchdune” during the Up Stroke. 


CRANK EFFORT DIAGRAMS FOR HO. I CYLINDER, 
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Effective cra/nk leverage calculated from the following formula :— 


Effective 


otive leverage, L, of } . J, , _ r cosd \ 

crank at angle 6 f ~ r sin V + Jp _ r 2 a in*?/ 

When, 6 = angle of crank with line of stroke. 

r = length of crank in feet. ( 

And * l = length of connecting-rod in feet. 

Travel of piston, T, from commencement of stroke when crank 
is at an angle t = r(l - cos 6) ± l + Jl 2 - r 2 sin 2 0. < 


Down stroke:— 

Total inertia and ) 
gravitation effect, F j 


)) 




91 


91 


^( Wl -p5?) +w - 

T /(.9569 x 1-75 x + -9569. 

+ / x -8205 + -9569. 


Up stroke:— 

Total inertia and | 
gravitation effect, F J 


-+y( 


99 


19 


99 


99 


T /(- 9 B 89 x 1 - 76« 1 ^^ 5 
+/x-8205 --9569. 




‘9569. 


Mean turning moment, 
T M, in inch-tons for 
No. 1 cylinder 


Total TM during down stroke 

+ total TM during up stroke 

— ■ 

2066*87 + 1408*702 


99 


99 


36 




3475*572 

36 


= 96*544 inch-tons. 


Nom—Piston-rbd areas have been deducted in working up 
the mean pressures of the indicator cards. 

Meenttg^ningmoment,! _ I.H.P. x 33,000 x 12 _ 

TM^trom I.H.P. / 2,240 x 2 t x revolutions per min.' 



' Y' 


MEAN TURNING MOMENTS, 


809 


Table showing the I.H.P., Mean Turning Moments tor Each Crank, 

and the Totals bob the S.S. “Inohdune.” 


Cylinder 

Number 

• 

Indicated 

Uorse-Power, 

I HE 

Mean Turning Moment, 
TM, flora 

LHP 

Moan Tui mug Moment, 
T M, fiom 
above Calculation. 

i 

240 

96-516 

06 541 

2 

236 

94 907 

94 337 

3 

252 

101-342 

101-399 

4v 

263 

105-765 

106 132 

0 4a 

27a 

111 798 

111-866 

Total, . 

1,269 

510 328 

510 278 


Percentage difference between | , rinft0fi MA0 _ U . 300 

mean’tnrmng moments } ' ( 510 ' 328 ~ 510 ' 378 )» 510 3 jj 

„ „ = ‘009 per cent, error. 


Example III. —What ib the effect of inertia and gravitation on 
the reciprocating parts of a vertical engine having a stroke of 
42 inches, connecting-rod equal 4 cranks, weight of recipro¬ 
cating parts 2 tons, position of crank from commencement of 
down stroke 30°, revolutions per minute 72? 


F 

P 
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Lecture XVIII. —Questions. 

L In a double-acting engine the mean pressure on the piston to 4 tons 
and the length of the stroke 18 inches, wnat is the mean pressure jvhich 
can be taken from the rim of the fly-wheel, the estimated diameter of 
which to 8 feet ? Ana. 1069 lbs. (about). 

2. The crank of a steam engine is 2 feet long, and the mean tangential 
force acting upon it is 17,000 lbs., what is the mean pressure of the steam 
upon the piston of the engine during each stroke ? Ana. 26703*6 lbs. 

3. In a direct-acting engine the diameter of the oylinder to 17 inches, and 
the mean pressure of the steam 60 lbs., the crank being 12 iuches long, what 
is the mean pressure on crank in the direction of its motion ? Ana. 8,670 lbs. 

4. Explain the maimer in which the reciprocating motion of the piston 
in a locomotive engine is converted into the rotatory motion of the crank 
shaft,. What are the dead points? Show by the principle of work that 
there to no loss of power by the intervention of the crank, friction being 
disregarded. 

5. Explain the method of representing in a diagram, the work done 
» during one revolution of the crank of an engine by setting off ordinates 

representing the tangential efforts on the crank pin. 

6 . In a direct-acting engine the crank and connecting-rod are as 1 to 6 . 
Find'an expression for the tangential pressure on the orank pin in any 
position. Construct an approximate diagram of work dono upon the orank 
during the stroke, and give a sketch of the same, ( 1 ) when there is a single 
cylinder, and ( 2 ) when there are two cylinders working cranks at right 
angles. 

7* In a horizontal direct-acting engine you are required to find an 
expression for the tangential force upon the crank pin in any given position 
of the orank. Example —The lengths of the crank and connecting-rod being 
1 and 6 respectively, and the pressure on the Bteam piston being 2,000 lbs., 
estimate tne tangential force on the crank when in a vertical position. 
Find also the vertical force acting upon the crank, shaft. Ana. 2,000 lbs.; 
333 lbs. 

8 . In a direct-acting horizontal engine the length of the crank 1 foot 
and that of the connecting-rod is 5 feet. When the crank to vertical the 
pressure of the steam on the piston is 4,000 lbs.; find the thrust along the 
connecting-rod, and the pressure on the guide bars at that point or the 
stroke. Ana . 4082*6 lbs,; 816*5 lbs. 

9. If the cylinder of a locomotive be 20 inches in diameter with a stroke 
of 2 feet, and the diameter of the driving wheel be 6 feet, find the tractive 
force exerted by the engine for each pound of pressure per square inch on 
the piston. Ana. 66*6 lbs. 

4 10. Explain the effects of the inertia of the reciprocating parts in a 
reciprocating engine, and taking a particular case, work out a crank-pin 
stress diagram. 

11. Draw an indicator diagram of a corliss (or some engine with instan¬ 
taneous out-off), in which the cut-off took place at 4 stroke. From this 
construct a diagram of orank effort ( 1 ) for a single cylinder engine, ( 2 ) for 
double cylinder engine with cranks at right angles. 

12. ' In a direct-acting engine, find the ratio of the velocity of the pr ank * 
pin to that of the piston in any given position of the orank. 
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13, The <?rank of a# engine has a J^dius of 18 inohes, the oonneottng-rod 
Is 6 feet long, and the number of revolutions made by the engine is fw per 

— 2 J I • 11__: a.1 <r . 


deUd centre during the forward stroke, Am. 7*05 feet per second. 

14. In a direct-acting horizontal engine, where the connecting-rod works 
between guidfes, the connecting-rod is five times as long as the crank, the 
pressiAe on the piston when the crank is vertical being 1,250 lbs.; find the 
thrust on the slide bar, neglecting friction, and indioate the direction in 
which it acts. Does the direction of the thrust change during any part of 
the revolution? Am. 255 lbs. 

15. In a direct-acting engine the crank is 2 feet in length, and the con¬ 
necting-rod is 8 feet; find the distance in inches of the piston from the 
middle point of its stroke, when the crank is at 90° from*a dead centre. 
Answer this by calculation as well as graphically. A ns. 3*05 inches. 

16. A steam engine with a cylinder of d inches in diameter, receives 
Bteam at 80 lbs. absolute pressure per square inch, and the out-off is at g 
of tlio stroke. Find an expression for the diameter of the oylinder of 
another engine with the same stroke and piston speed which develops the 
same horse-power as the first engine, but which cuts off the steam cyfc 
4 stroke- What would be the relative maximum stresses on the orank-pm 
and crank-shaft of the two engines when l>oth transmit the same power, 
the inertia of the reciprocating parts and the obliquity of the connecting- 
rod being neglected ? 

17. What is the effect of inertia and gravitation on tlio rociprocating 
parts of a vertical engine having a stroke of 60 inches; coimeoting-rod equal 
lour cranks ; weight of reciprocating parts, 3 tons ; position of orank from 
commencement of up stroke, 30°; revolutions per minute, 150 ? Plot the 
inertia and leverage diagram for this engine, making the radius of the 
diagram equal by scale to the calculated contritugal force or inertia effect 
for an infinite connecting-rod acting at the commencement of stroke upon 
the crank-pin. 

»- w {( m ) - >} - 3 {(- 25099 K 28 * S )- ■} 

F - - 45*354 tons. 


18. Describe and show graphically how the force transmitted to the 
crank-pin is affected by the inertia ol the moving reciprocating parts in a 
stationary horizontal engine during the forward and backward strokes of 
the piston respectively. How is the force affected by an increase in the 
ratio of expansion of the steam, by the shortness of the connecting-rod, 
and by the momentum of the flywheel? In a horizontal non-condensing 
engine, whose cylinder is 16 monos diameter, stroke 28 inches, connecting- 
rod. 5 feet 10 inches in length, making 100 revolutions per minute, and 
working with steam whose initial gauge pressure is 140 lbs. per square 
inch, when cutting-off takes place at four-tenths of the stroke, what would 
be the pressure on the crosshcad at the beginning and at the end of the 
stroke if the weight of the reciprocating parts is 350 lbs. ? and show, by a 
diagram, the variation in the pressure as the piston makes its forward 
stroke* the effect of the cushioning of the steam at the end of the stroke 
being neglected; expansion as if pv were constant. (8. & A., 1897, Hons.) 

19. The piston and all that is rigidly connected with it weigh 500 lbs., 
the crank is 1 foot long, and the speed 200 revolutions per minute. *8bow, 
on a diagram, the forces which must be exerted at the crosshead during a 
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revolution if there is no steam pressure. Choose a pair of indioator dia¬ 
grams, and show how we find the diagram of forces aoting at the orosshead. 
Assume an infinitely long connecting-rod. (8. & A., 1898, H., Part i.) 

20. If, on a piston of 120 square inches in area and weighing with piston- 
rod 290 lbs., there is at a certain inBtant a pressure of 130 lbs. per square 
inoh on one side more than what there is on the other, and if the piston 
acceleration at that instant is 420 feet per second per seoond in the direc¬ 
tion in which the steam is urging the piston, what is the total force? acting 
at the orosshead? If this acceleration occurs when the piston is one- 
quarter of its stroke from one end, assuming an infinitely long connecting- 
rod, how many revolutions per minute is the engine making? The crank 
is 1 foot long. (B. of E., 1900, Adv. and H., Part i.) 

21. Explain fully the influence of the reciprocating parts in modifying 
the effective steam pressure in an engine, and show how to make the cal¬ 
culations necessary in order to determine the weight of flywheel needed to 
keep the fluctuation of speed during one revolution of an engine within 
any chosen limit. (C. & G., 1900, H., Sec. B.) 

22. If the connecting-rod is 5 feet long, and the crank is 1 foot $ 200 
revolutions per minute; what are the accelerations of the piston when it is 
farthest from and nearest to the crank ? The piston ana rod and oross¬ 
head weigh 330 lbs. Area of piston 120 square inches. At the beginning 
of either the in'or out stroke the pressure is 80 lbs. per square inoh on one 
side in exoess of what it is on the other. Find the total forces on the 
orosshead in these two cases. (B. of E., 1902, H., Part i.) 

23. Sketch a real probable indioator diagram for a non-condensing 
engine, single cylinder, 18 inches diameter, crank 15 inches, 150 revolu¬ 
tions per minute, cutting off at about half-stroke, with slide-valve. 
Neglecting inertia effects, show how we find the turning moment on the 
crank-shaft in every position, and how it usually varies. What effect has 
this change of moment upon the strength of the crank-shaft? (B. of E,. 
1902, H., Parti.) 

24. Piston 115 square inches in area. At the beginning of either stroke 
there is a difference of pressure of 90 lbs. per square inch on its two sides, 
producing total force in the direction in which tne piston is about to move. 
The piston and its rod weigh 410 lbs. The engine makes 130 revolutions 
per minute; crank 1 foot. Negleoting angularity of connecting-rod—that 
is, assuming that the piston has a simple harmonic motion—what is the 
aotual force at the crosshead at the beginning of either stroke ? What 
correction must be made when the angularity of the connecting-rod is not 
neglected; (B. of E., 1903, Adv. and H., Part i.) 

25. Explain what is meant by the u pressure due to the inertia of the 
reoiprocating parts’* in a steam engine, and show how it modifies the 
effective crank effort at different points of the stroke. If the revolutions 
per minute are 400 and the mean piston speed 1,200 feet per minute, show 
that, with a 4 to 1 rod, the maximum inertia pressure is, very approxi¬ 
mately, fifty times the weight of the reciprocating parts. (C. & G., 1903, 
H., Sec. B.) 
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Contents.— Stationary Land Engines- -Horizontal Non-condensing Steam 
Engino -Horizontal Condensing Steam Engine—Compound Non-con¬ 
densing Steam Engine with Locomotive Boiler—Coupled Compound 
Condensing Engine, with Data re Crosshead, &o.—Questions., 

Having discussed in the previous eighteen lectures, the 'early 
history of fixed engines up to the beginning of this century, 
the nature of heat and how it is measured, the generation of 
Bteam, as well as its action and distribution in non-condensing, 
oondensing, compound, and multiple expansion engines, we now 
enter upon the description of a few selected examples of land 
engines, and of a combined engine with boiler, which Ifave proved 
to bo of good design and workmanship for their purposes. 

Within the last eighty years there have been, and there are at 
present in use, a multitude of styles and types of engines, each 
more or less specially adapted for different classes of work, such 
as pumping water from mines, raising water for the supply of 
towns, draining lands, blowing air into smelting furnaces, 
driving agricultural machinery, steam cranes, and such like, 
all of which it is impracticable to treat of fully in this work ; 
for it is impossible in the few remaining lectures at our 
disposal to do more than indicate the general design with 
some of the more important details, of the various examples 
which we have selected. In some instances, we shall give the 
actual specifications from which the engines were made, as we 
know firom our own experience, that an apprentice or young 
engineer (unless he is particularly fortunate and happens to be 
in the drawing office) has little or no chance of perusing and 
Studying specifications, for these things are, as a rule, carefully 
locked past and treated as private by the heads of firms. 
We shall also have occasion to devote two lectures to the rise 
ai)d progress of the Marine Engine, and part of another to that 
of the Locomotive Engine. 

la.tha present lecture we shall describe three styles of fixed 
on stationary horizontal land engines, designed by Messrs. 
Msrphall, Sons Oo., Limited, of Gainsborough, whioh firm 
buss a high reputation for excellence of workmanship and. design, 
/brought about by many years of experience and constant atten- 
’’ tion to special requirements and to small details. 
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Horizontal Non-condensing Engine —The form of engine 
which is illustrated above, is specially adapted for driving 
small works, or dynamo machinery, where economy of coal ana 
of water is not of the first or of vital consideration, but where 
uniform speed, freedom from breakdown, and simplicity of con¬ 
struction are of great consequence It is usually made in sizes 
varying from 36 to 105 indicated horse-power, and supplied with 
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steam from an ordinary Lancashire boiler (see Index), or from 
a boiler of the multitubular locomotive type (see index), at a 
pressure of 40 to 80 lbs.,, according to circumstances. As 
the general construction of this engine is very similar to that 
of the non-condensing parts in the next set of illustrations, of 
which we shall give a complete descriptive specification, we 
need only refer the student to the figure on the last page and 
the index of parts. 

Horizontal Condensing Engine.—This style of engine iB much 
used to drive factories and engine works, where a uniform speed 
is necessary, and where it is advisable to economise fuel by. con¬ 
densing the steam and returning the feed water warm to the 
boiler, but where the condensing water is of good quality admit¬ 
ting of the adoption of the jet condenser. It virtually consists 
of the engine previously illustrated with the addition of a con¬ 
denser, an air pump, and feed pump. It is also fitted as in the 
‘ case of the previous engine with Hartnell's Automatic Expansion 
Gear, which so regulates the cut-off or expansion valve (working 
on the back of the main slide valve), that steam is admitted to 
the cylinder in almost direct proportion to the load to be over¬ 
come. This ensures an almost perfect uniformity of speed, 
whether many or few of the factory machines are set to work, 
or whether few or many of the electric lights are in circuit when 
these engines are applied to driving dynamos. The construction 
and action of this engine will be best understood by following 
the drawings and specification for one of 80 I.H.P. 

General Construction .—The engine is erected on a heavy bed¬ 
plate, BP, of hollow girder pattern, truly planed on the 
underneath surface. This bed-plate is arranged so as to form at 
one end the front cover for the cylinder, 0, and at the other end 
the main bearing for the crank shaft, C S. Sliding surfaces for 
the cross-head, OH, are embodied in the same casting. The 
crank shaft is constructed with a disk crank, D 0, and a pin for 
the attachment of the connecting-rod, 0 R. The outer bearing 
for the crank shaft is on a separate foundation with plummer 
block, P B. Sufficient room is afforded on the crank shaft by 
the side of the fly-wheel, P W, for the application of a pulley to 
give off the whole or a portion of the power if required. 

The engine in all its parts is of ample strength for working 
with steam supplied at 80 lbs. pressure, and of developing 80 
indicated horse-power at 70 revolutions per minute, with a cut¬ 
off at stroke, and a mean pressure of 68 lbs. in the cylinder. 
When supplied with dry steam, the average consumption of 
feed water in the form of steam is 26 lbs. an hour per indicated 
horse-power. 
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in the longitudinal section, the two steam and two exhaust ports 
close to the main slide valves, are marked respectively, S Pj, 
S Pj, and E P,, E P 2 . 

Automatic lubricators or oil cups, 0 0 (see general elevation 
and plan), are fixed into the valve casing, Y 0, so as to thoroughly 
lubricate the working parts of the slide valves, and the oil 
being carried forward with the steam, the piston is thereby also 
lubricated. An efficient drain cock, J 0, for draining the steam 
jacket, and the valve chest as well as drain or pet cocks, P 0, 
for the cylinder barrel are provided. The cylinder is lagged 
with teak, held in position by brass screws. 

Stop-Valve Chest .—The steam stop-valve chest containing the 
stop valve, S Y, which admits steam from the boiler to the slide 
valve casing, Y 0, and steam jacket, S J, is shown in section in 
the cross section of the cylinder. It is bolted to the valve 
casing in a convenient position for draining the main steam pipe, 
S P. The stop valve is a wing valve with a suitable seat, both of 
gun-metal, and is fitted with a brass spindle and screw, kept 
steam tight by a stuffing-box with brass gland and studs. On 
the outer end of the spindle is fixed the stop valve handle or 
wheel, S Y H, whereby the attendant can cut off or admit more 
or less steam at pleasure from the engine. 

Piston .—The piston, P, is made of cast-iron, fitted with L, 
shaped cast-iron rings, and steel internal Bpring to compensate 
for wear. 


Piston-Rod .—The piston-rod, PR, and air-pump rod, APR, 
are of steel, the former being 2£ inches diameter. They are 
fixed to the piston by a simple cone and nut. 

Crosshead .—The crosshead, 0 H, is of the best malleable iron, 
finished bright, and has large adjustable bearing surfaces to 
compensate for wear. It is firmly fixed to the piston-rod, and is 
provided with a steel gudgeon for attaching it to the connecting- 
rod. The crosshead guides are of the circular bored type. 

Connecting-Rod. — The connecting-rod is of wrought-iron 
turned and polished. It is fitted with adjustable brasses at both 
ends as shown. 


Crank Shaft .—The crank shaft is of steel, 5} inches diameter 
at the bearings. A polished cast-iron disk properly counter- 
weighted and fitted with a steel crank pin, is forced on to one 
end of the crank shaft by hydraulic pressure. The crank shaft 
is supported by two extra long gun-metal bearings, the crank 
bearing being sustained directly by the engine bed plate, B P, 
while the outer one is fitted into a plummer block, P B, placed 
on a separate foundation outside the fly-wheel. Both bearings 
a^hqtade adjustable to follow up the wear. 
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Fly-whed ,—The fly-wheel is of cast iron, 11 feet in diameter, 
and 14 inches wide on the face, with arms of strength propor¬ 
tionate to the weight of the rim and the stresses brought to bear 
on it while woiking. It is usually turned with the necessary 
curvature on the peripheiy so as to receive a driving belt. The 
boss is hpred out and key-wayed to suit the crank shaft. The 
engine is usually adjusted so that the top part of the fly-wheel 
revolves from the cylinder unless otheiwise specified for. 

Governor and Automatic Expansion Gear .—This arrangement 
consists of (see ftrst the general views in this lecture) the 



governor, G, driven from two governor pulleys, GP, keyed to 
the crank shaft, with two belts from them, GB, to the two 
automatic expansion gear pulleys, AEP, which are keyed to 
the same spindle as the driving pinion, DP (see the accofn- 
panying figure). This pinion, DP, gears with another one 
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keyed to a vertical spindle, on the other end of which is an 
arrangement for supporting the two governor balls, QB, GB, 
fixed to bell crank levers, the whole being rotated along with 
the vertical spindle. The inner ends of the two bell crank 
levers, bear on a strong spiral spring, contained in or above the 
upper extension of the metal tube or sleeve, MS. On the 
lower end of this metal sleeve is fixed a double collar freely 
engaged by a forked lever, suspended from which is a drag 
link, D L, whose lower end is attached to the expansion valve 
rod. The end of the expansion valve rod engages a die-block, 
D, which may be pulled up or pushed down throughout the 
length of the curved link, L, to the centre of which is attached 
the expansion eccentric rod, whose other end is strapped to 
the expansion eccentric, EE, keyed in position on the crank 
shaft. 


Consequently, whenever the speed of the engine exceeds the 
normal speed for which it has been set to run at, the two 
governor balls fly outwardB by the extra centrifugal ortangential 
force, compressing the spiral spring lifting the metal sleeve, 
M S, drag link, D L, and expansion valve rod with the die- 
block, D, towards the upper end of the curved link, L, thus 
diminishing the travel of the expansion valve, and cutting off 
the steam earlier from the cylinder, which reduces the power and 
speed of the engine again to the normal. When the speed of the 
engine fails below the normal, the reverse action takes place, for 
then the tension of the spiral spring overcomes the compressive 
pressure of the bell crank levers, and presses down the metal 
sleeve, drag link, and expansion valve rod with die-block, 
towards the lower end of the curved link, thus increasing the 
travel of the expansion valve, and cutting off the steam later 
from the cylinder; which increases the power and speed of the 
engine again to the normal In this way, only sufficient steam 
is admitted to the cylinder to develop the power required for 
the load in circuit, and to maintain an approximately uniform 
speed of from 2 to 5 per cent above or below the normal speed, 
under considerable and frequent variations of load; and further, 
8te&m is economised by doing so, while the ordinary but less 
precise acting throttle valve arrangement is dispensed with. 
i All the working parts of this gear are case-hardened and the 
vpins are of steel. 

\ Feed Pump .—The feed force pump, F P, consists of a cast-iron 
J barrel, truly bored out to a diameter to suit a hollow plunger, 
8 inches in outside diameter, with a stroke of 3£ inches. It is 
supplied with the necessary stuffing box, brass-bushed gland 
and studs, suction and delivery valves with seats, all Of gun- 
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metal (respectively connected by pipes to the condenser hot veil 
and to the boiler as required), and a large cast-iron air vessel. 
The pump is worked by an eccentric, F P E, keyed to the crank 
shaft along side of the expansion eccentric. 

Condenser and Air Pump .—The condenser, Oo, consists of a 
strong cast-iron box of ample size, bolted to and resting upon 
a cast-iron sole placed behind the steam cylinder. The cast- 
iron exhaust pipe, E F, joins the exhaust port of the cylinder, 
and the top of the condenser at its centre. Immediately under¬ 
neath the latter end of the exhaust pipe, and inside the con¬ 
denser, is fixed a perforated pipe or rose, leading from the 
injection cock, 10, and injection water pipe, IWP, which is 
inches internal diameter. An ordinary horizontal double- 
aoting air pump with brass barrel 4f inches internal diameter 
is fixed in the centre of the condenser. This pump which has 
the full stroke of engine, is fitted with a brass plunger and air- 
pump rod, A PR, 1J inches diameter, worked direct from the 
back end extension of the piston-rod as shown. India-rubber 
suction and delivery valves with brass seating are fixed at 
each end of the air pump, with a discharge pipe 4J inches 
diameter leading from the delivery valves to the hot well 
A vacuum gauge, V G, is fitted to the condenser on the Bame 
side as the injection cock. 

The following table gives the general dimensions, speeds, and 
horse-powers of such engines:— 
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should bo opened only to an extent just sufficient to allow the water to 
escape. The receiver-drains are connected, by copper pipes, with the 
exhaust chamber. 

Lubrication .—Usually only one lubricator is required, of the 41 sight- 
feed ” pattern. After the engines have worked for some time, a very small 
supply of good mineral oil will suffice for the cylinders. At M, on the 
seotional view, is shown a funnel for introducing oU into the crank chamber 




place for which is on the front of the engine, and not where shown) also 
establishes communication between the air-cushion cylinders and the atmo¬ 
sphere, when the guide pistons are at the lower end of their Btroke. 
When water is required to be added, it should be poured in through the 
open top of the lubricant gauge, and not through this oil-funnel. A gauge 
enables the quantity of lubricant in the crank chamber to be easily ascer¬ 
tained at any time by the attendant. The normal height at which the 
lubricant should be maintained is from three-quarters of an inch to an inch 
below the underside of the crank shaft. 


Separator. —Every engine is now fitted with a steam dryer, or separator, 
mounted on one corner of the bed-plate The steam enters at the top and 
descends through a hanging pipe into the body of the separator. After 
• leaving the pipe it turns upwards to the exit, which is near the top, while 
the particles of water, which are heavier, are shot downwards by the 
velooity with whioh they leave the hanging pipe A gauge-glass is fitted, 
and a drain, the cock on which should be so adjusted as to keep a little 
water in the glass, just in sight. 

Governor. —1. In the accompanying figures the governor balls are shown 
in the position they assume when controlling the engine. The throttle- 
valve is of the piston type without rings, and it works up and down in a bush 
with a closed top. The bush is held down by a coiled spring above, and by 
the steam pressure, and its lower end, which is faced, makes a steam-tight 
joint against a face on the casing, as shown. The boiler steam is admitted 
from the outside of the bush, m which there are two rings of ports, the 
amount of opening of the lower ring being regulated by the position of the 
lower edge of the throttle-valve. Corresponding with the upper ring of 
ports is an annular port in the throttle-valve; the distance of this from the 
lower edge of the throttle-valve being such that the upper ports commence 
to open slightly earlier than the lower ones. In cases where, owing to 
low-pressure, or other causes, only a very small drop in pressure can be 
allowed between the Bteam-pipe and the steam-chest, a third ring of ports 
is sometimes added, with a second annular port in the throttle-valve. 
The lubrication of the valve is effected by passages in the body of the 
bush, supplied from a grease cup on the cover. The sight-feed lubricator 
is attached to the boss dotted on the engraving; it delivers oil on the 
engine side of the throttle-valve. The spring, F (the lower part of which is 
hooked to a fixed point on the bracket which supports the bell-crank, E), 
maintains a constant down pull on the rod, 6, and so tends to close the valve. 
It also tends to force the balls further apart, by depressing the end, ft, of 
the bell-crank, E, and so pushing outwards the loose collar, C (shown 
partially dotted), and the short ends, N, N, of the arms whioh carry the 
balls. Bnt the pre-arranged elation between the centrifugal force of the 
balls at different speeds, and the pull of the springs, A, at different lengths 
is such, that so long as the engine is running even slightly below its speed, 
the puli of the springs, A, overcomes both the centrifugal force or the 
, balls and the puu of the spring, F, and the balls remain near together. 
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End Views.—Marshall's Compound Engine and 





























































































































































326 


tflOTDBB XIX. 


Compound Non-Condensing Engine and Boiler.—-This type 
of combined engine and boiler is very complete and compact. 
It is, therefore, becoming very popular for driving works and 
electric light mac hin ery, where want of space or other circum¬ 
stances prevent the use of a separate engine and boiler. Steam 
can be raised in this locomotive type of boiler in a very short 
time, and, owing to the large steam space and heating surface, it 
keepB steam amply supplied when the engine is working at full 
power throughout a long and continuous run. The following 
descriptive specification is for an engine and boiler developing 
under ordinary circumstances about 50 indicated horse-power, 
by Messrs. Marshall, Sons & Oo., of Gainsborough. 

General Construction .—The engine is of an improved con¬ 
struction, mounted on a wrought-iron framing, WIF, under¬ 
neath a Locomotive Multitubular Boiler, L B, of large capacity, 
having a steel shell, S S, and a fire-box, F B, of bowling iron. 
The smoke-box, S B, is bolted to the top flanges o£ the high- 
and the low-pressure cylinders, HPO and LPO. The fire-box 
end rests on a neat ash-pan, AP, fitted with a door, D, for 
regulating the draught. The cylinders are steam jacketed, 
and the whole engine is of extra strength throughout to with¬ 
stand a continuous working steam pressure of 140 lbB. to the 
square inch, developing 48 indicated horse-power, at 155 re¬ 
volutions per minute. 

Cylinders .—The cylinders are of cold blast iron, with the 
working barrels of special hardness, cast separately, and tightly 
forced into the main casting of the steam jacketed cylinders. 
The cylinders are covered with hair felt cased over with sheet 
iron. The high-pressure cylinder, H P 0, is 8 inches diameter, 
and the low-pressure cylinder, LPO, is 12|| inches diameter, 
each with a stroke of 14 inches. The slide valves are of the 
same class of iron as the cylinder to insure uniformity of wear. 
The steam chest and jackets are arranged so as to be effectually 
drained in a similar manner to that shown and described in the 
last style of engine, tLe condensed steam being led away by 
the drain pipe, D P. Steam is admitted to the valve casing, 
V 0, from the boiler by the steam pipe, S P, on opening the 
stop valve handle, SVH, and the steam is emitted by the 
exhaust pipe, E P, up the chimney, Oh. * 

Pistons, Piston-Rods , and Croasheads are of precisely the same 
type as described in the last style of engine. 

©ttWw^—The guides, G, are of the circular bored type, bolted 
to the cylinders at one end, and to the wroughtdron bridge 
pl#te ftt the other end. It is fitted with the necessary oil 
cap, 00, 
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Connecting-Sods, —The connecting-rods, 0 B, are of the best 
scrap iron, turned and polished, and fitted with Urge adjustable 
bearings at each end. 

Crank ShqfL —The crank shaft, 0 S, is made of steel in one 
pieoe, without weld, and of sufficient length to take on the fly¬ 
wheel, W, on either end as may be required. It is carried on 
long gun-metal bearings, B 1, B 2, firmly bolted to the wrought- 
iron framing, W IF. These bearings are made adjustable 
horizontally, to follow up the wear. 

Flywheel .—The fly-wheel, F W, is 5 ft. 6 in. diameter, 9 J in. 
wid,e on face. It is constructed exactly in the same way as in 
the last style of engine. 

Governor and Automatic Expansion Gear are applied precisely 
as in the laBt style of engine, but to the high-pressure cylinder 
engine only. It is marked, H G, for Hartnell’s Governor. 

Feed Pump .—A continuous action force pump, F P, with an , 
air vessej, A V, and worked by an eccentric, E, keyed to the 
crank shaft is bolted to the side of the engine frame. This pump 
plunger, suction, delivery valves and taps are all of gun-metal, 
as well as the check valve, 0 T, fixed to the side of the boiler, 
and connected to the pump by the copper feed water pipe, F WP. 

Boiler .—The boiler, LB, is of the locomotive multitubular 
type, lagged and cased over with sheet iron the whole length. 
It is of ample capacity for generating and maintaining a con¬ 
tinuous supply of steam for the engine when developing full 
power. The internal fire-box is of suitable dimensions for 
burning either coal or wood as fuel, and strongly stayed at the 
ends and sides by screwed stays, and at the top by deep roofing 
stayB, R S. All the boiler plates are planed on their edges, ana 
riveted together by hydraulic machinery. The longitudinal 
seams are double riveted, and the boiler throughout is of 
sufficient strength to withstand a continuous working pressure 
of 140 lbs. to the square inch. Long gusset stays, GS, are 
riveted between the smoke-box end and the main steel shell, SB. 
There are 36 high pressure lap-welded iron boiler tubes, inches 
external diameter, extending between the fire-box, F B, and the 
wrought-iron smoke-box, S B. This smoke-box is fitted with a 
suitable smoke-box door, S B D, furnished with a strap, hinges 
and fastengrs. The firing door, FD, furnace bars, and man¬ 
hole, MH, are fitted with external strengthening rings, SB. 
Two spring loaded safety valves, S V, of ample capacity, water- 
gauges^ W G, W G, -with gun-metal fittings, two gauge cocks, 
Steam pressure Bourdon gauge, PO, gun-metal blow-off cock, 
B 0 0, are provided, as well as a fusible plug in the crown of the 
fire-box, and a straight chimney. Oh, of wrought-iron 8 feet long. 
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Indicator Diagrams.—The following set of diagrams were 
taken from engines made in accordance with the foregoing 
specification and the working drawings from which the previous 
figures were reduced, where— 

Boiler pressure =140 lbs. on square inch. 

Diameter of H.P. cyl. = 8 inches. n 

Out-off in „ = i stroke. 

Clearance „ = ^ of its volume. 

Diameter of L.P. cyL = 12| inches. 

Out-off in „ = £ stroke. . „ 

Clearance „ = ^ of its volume. , 

Number of revolutions = lo6 per minute. 

The back end is the full line diagram, and the front end the 
dotted line. 



_ Atmospheric Line. 

The irregular line on admission is caused by the indicator not being 
suited to such a high speed as 155 revolutions per minute. 

V From Low-Pressure Cylinder. 



Tho following table gives the general dimensions of cylinders, 
fly-wheels, and the speeds of these engines for different horse- 
powers 
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given off 
with 

Nomihal 

Hobbs- 

POWIK 

High Pressure 

Low Pressure. 

Stroke 

Revolutions 

Mffute. 

Diameter 

of 

Fly-wheeL 

• 

Diameter in 
Inches. 

Diameter in 
Inches. 

in 

Inches. 


Economy. 

8 

64 

9 

12 

180 

Ft In. 

4 0 

26 

U> 

64 

104 

14 

155 

5 0 

33 

12 

7 

ill 

14 

155 


40 

' 16 

8 

12] 

14 

155 

5 6 

52 

20 

9 

14 

16 

135 

6 0 

65 

26 


16 

18 

120 


80 

30 

11 

174 

18 

120 


liili^EPPP 

40 

13 

21 

24 

90 

8 0 

| 180 


GonplSd Compound Horizontal Fixed Condensing Engine, de¬ 
signed and constructed by Messrs. Robey & Oo., of Lincoln, and 
fitted with the Richardson 6s Rowland Patent Automatic Trip 
Expansion Gear. 

Adapted for , dec .—This type of engine, as illustrated, is 
specially designed and adapted for driving electric lighting 
machinery, large factories, mills, <fcc., where regularity of speed 
with varying loads, as well as high efficiency in the economy of 
fuel, is necessary. 

lUustrations .—The illustrations are taken from the engine 
which was employed in the Electric Light Department of the 
International Exhibition, Glasgow (1888), for driving the 
dynamos on the north side. It did its work without a single 
hitch. This engine is now fitted at Messrs. J. & G. Thomson’s, 
of Clydebank, for driving their ship-yard machinery and saw 
mill, <fec. 


Fig. 1 (A), shows a front elevation, (27), plan, and (0), 
end elevation; Fig. 2, longitudinal and cross sections through 
high-pressure cylinder; Fig. 3, enlarged cross section through 
high-pressure cylinder at steam admission and exhaust valves; 
and Fig. 4, an improved form of crosshead and gudgeon pin. 

Cylinders and Cut-off .—The cylinders, which are both steam- 
jacketed, are respectively 181" and 30" in diameter, with a stroke 
of 40". Each cylinder is fitted with the trip valve gear, the cut¬ 
off on the high-pressure cylinder being capable of being varied 
by the governor from nil to three-quarters of the stroke, whilst 
the cut-off on the low-pressure cylinder is variable by hand,*and 
when the engine is running. 
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in order to efficiently drain the interior, and enable the pistons 
to work safely with the leaat possible amount of clearance. They 
are worked by exhaust eccentrics, E.E., upon the horizontal shaft, 
H.S., driving the admission valve gear. 

Action of Admission Valves and Governor .—-Following the action 
of the steam inlet valves from Figs 2 and 3, it will be noticed 
that the admission valves, A.V., are lifted and released by trip 
levers, T.L., actuated by the admission eccentrics, A.E., driven 
by the horizontal shaft, H.S., rotating at the same speed as the 
disc Bhaft, D.S., and running parallel with the engine-bed. The 
length of time the trip levers are in contact and consequent 
duration of the admission of steam into the cylinder is regulated 
by the governor, G, thus automatically varying the grade ot 
expansion to the work being done. The upper portion of the 
valve spindle, V.S., is attached to an air buffer, A.B., which, 
assisted by a spiral spring, suddenly closes the valves when 
relieved from the trip lever. 

A very precise action of the valve is obtained by this arrange¬ 
ment, and a very sharp cut-off is consequently instired. To 
prevent the admission valves, A.V., being forced down too 
suddenly upon their seats, S, the usual air ouBhion is formed 
and regulated by valves in the air buffer, A.B., which are so 
podstajucted that, while the admission valves close steam-tight, 
, they yet come upon their Beats with checked velocity. The 
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fUcHARDSosr & Rowland Automatic Trip Expansion Gear, 
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governor G (Fig. 2), regulating the admission valves, is one Of 
Richardson’s patent spring governors, which, being relieved of 
all working stress, is so constructed as to give a wide range of 
cut-off with very slight variations in speed. It is driven by 
gearing, Gg., from the horizontal shaft, H.S. The admission 
eccentrics, A.E., are so fixed upon the same horizontal shaft, 
H.S., as to give a constant lead. When used for electric lighting 
the governor is supplemented by a Richardson- Nevile Patent 
Electric Regulator, E.R., Fig. 2, which enables the engine to be 
controlled by the electric current itself, so as to maintain either 
a constant ourrent or a constant E.M.F. with varying loads. 

(The valve gear is also arranged so that the engine can be 
stopped by merely pulling a cord, C, carried to any part of the 
mill or factory, a provision whicn is invaluable in case of 
accident to life or machinery. 

Framing .—The engine-frames or bed-plateB are of the moBt 
solid and substantial character, efficiently resisting the direcf 
thrust and working of the engine, thus securing complete rigidity 
between the cylinder and main bearings, and efficiently taking 
up any stresses in the crosshead guides; this design being 
altogether a great improvement upon the original type of girder 
engine as first introduced into this country. The bearings, which 
are extra large, are made in three adjustable parts of Babbit’s 
metal, fitted with suitable lubricators for continuous running. 

The steam, in passing from the high-presBure cylinder, H.P.C., 
to the low-pressure cylinder, L.P.C. (Fig. 1), enters a receiver, R p 
which is superheated by a current of high-pressure steam from 
the boiler circulating through a coil of piping placed inside it, 
thus raising the temperature of the steam previous to its admis¬ 
sion into the low-pressure cylinder. The receiver is, in addition, 
lagged with wood and sheet-iron. The other details need no 
explanation, as they are similar to those of engines previously 
explained. 

Crosshead : How Made and Fitted.—The crosshead illustrated 
by Fig. 4 possesses several important features which are worthy 
of notice. It is made of malleable iron or of cast-steel, and is 
therefore free from the risk of breaking. The curved surfaces, 
C.S., which bear on the guides are of hard cast-iron, as this 
forms the best material for wear. These oonsist of two plates 
with proj&ting pins, shown in dotted lines at P, and are further 
secured by the screws, S, S, S, S. After these curved surfaces 
are secured into their places, the whole is turned up true from a 
mandril fitting into the taper which receives the piston-rod. 
These bearing plates are designedly left without any means of 
adjustment by the engine-driver, experience having shown that 
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Robey & Co.’s Impeovbd Cbosshxad and Gudgson Pur. 


when such adjustments exist it is more easy to put a crosshead 
wrong than right. Many crosshead guides have been ruined by 
screws or wedges being improperly tightened by a careless 
driver. Should the crosshead shown by Fig. 4 ever get slack, the 
rubbing surfaces can be packed out by strips of metal, and the 
exterior again fitted into its place with very little trouble. The 
surfaces are, however, made so large that there is practically no 
wear; for guides of this proportion have been known to be in 
perfect working order at the end of twenty-five years’ work. 
The gudgeon pin, G.P., is a part that has often giv$n trouble, 
|or these pins have to be made to fit so that they can be taken 
out wh*$ required. They are therefore liable to get easily loose. 
Many Methods have been employed to prevent this, but Messrs. 
Robey it Co. find that shown by Fig. 4 to be the best. The cross- 
heal* is bored out taper on its two cheeks, the tapers being in 
op^Site directions. Into one of these the tapered head of the 
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steel pin, G.P., fits, the other end being turned parallel and is 
surrounded by a taper steel cotter, C, The cotter is split 
longitudinally, and is forced by the nuts, N. N., tightly into 
the coned hole, and at the same time is equally forced to fit 
tightly upon the pin. It is thus so firmly fixed that it is 
practically solid with the crosshead when the nuts are screwed 
up, whilst, when required to be removed, it comes out with the 
greatest ease. The piston-rod is secured by a cotter into the 
caper neck of the crosshead in the usual way. For the purpose 
of removing it (when the cotter is driven out) the piston-rod is 
provided with a fine thread and a hardened nut, P.N., just 
behind the crosshead. When this nut is screwed up to the cross¬ 
head the rod is drawn without any difficulty. Without such 
a provision as this, much loss of time and temper is often 
occasioned. 
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Lbotubb XIX.— Questions. 

L Exploinin general terms the difference betweeilU) a simple non-oondon- 
sing engine; (2) a condensing engine; (3) a compound non-condensing engine. 

2. Give free-hand sketches (outside elevation and plan) of a horizontal 
condensing engine, with a complete index of parts, and the uses pa well 
as materials of which each part is composed* 

8, Describe with a sketch the construction of a piston, piston-rod, 
crosshead, and connecting-rod for a horizontal land engine, and show how 
the several parts are fitted together, and of what materials each part is 
composed, and why. # 

4. Sketch a longitudinal section and cross-section through the oylinder 
of a horizontal condensing ^pngme with expansion valve. Give a complete 
index of the various parts with the materials of which they are composed. 
Show how the steam passes into and out of the cylinder, and explain how 
the piston, piston-rod, and valve spindles are kept steam tight. 

6. Describe with sketches and index of parts a compound non-condensing 
^stationary land engine, as usually fitted underneath a locomotive multi¬ 
tubular boiler. 

6. What is meant by “Automatic Expansion Gear?” Give the necessary' 
sketches with index of parts and concise explanation to enable a person 
to understand its complete action, and point ont the advantages usually 
claimed for it over an ordinary governor and throttle valve. 

7. Construct scales to suit tne indicator diagrams given at pu 328 of 
this lecture, and divide the diagrams, as well as plot them down to one 
scale by the»method explained and illustrated m the case of H.M.S. 
Boadicedy with the three steam expansion carves. Fmd also, the mean 
horse-power developed by each cylinder, and the weight of steam used by 
the engine per horse power hour on the assumption that the steam is 
" dry saturated steam. ” 

8. Describe a horizontal factory engine which is to work expansively 
and with condensation. Enumerate the principal parts, and make th< 
sketches necessary for showing the internal construction 

9 Sketch a section thiough a compound cylinder horizontal faotor) 
engine. Show the valves for the distribution of Bteam, and explain gene 
rally the advantages of this form of conatiuotion. 
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LECTURE XX * 

Oontuots.—S hort History and General Description of the Corliss Valve 
Engine—Speoial Features of the Corliss Cylinders and Positions of 
the Valves—Different Types of Corliss Valve Gears—Shape and Con¬ 
struction of Steam and Exhaust Valves—The Original Form of Corliss 
-T<ip Gear—Simultaneous and Relative Movements of the Wrist- 
Plate and Valve Levers—General Description of the Connections 
between and Movements oi Eccentric, Wrist-Plate, Valves and 
Governor—Farcot-Corhss Valve Gear—Reynolds-Corliss Valve Gear 
—Double Eccentric Gears—The Seigrist System of Automatic Lubri¬ 
cation for Large Engines—Manipulation of the Oil — Cylinder 

• Lubrioator—Compound Engine with Automatic Lubrication—Triple¬ 
expansion Engine with Automatic Lubr^tion—Results with Super¬ 
heated Steam—Necessary Precautions to be obser\ ed with Superheaters 
and with Highly Superheated Steam—-Tests of Willans Engine with 
Ordinary Steam—Percentage Gain in Steam and m B.T.U. when 
supplied with Superheated Steam—The Willans Central Valve Engine 
—Criticism of the Farcot Corliss Cylinder and Position of Valves-*; 
Questions 

Short History and General Description of the Corliss Valve 
Engine.f—In the year 1849 an American engineer, Mr. G. H. 
Corliss, patented and constructed tins type of engine*, which still 
bears his name. In 1859 the first engine imported into this 
country from America was set to woik at the Stoney wood Paper 
Works, near Aberdeen, J and the first licence© for the manufac¬ 
ture of Corliss engines in Great Britain was Mr. Robert Douglas, 
of Kirkcaldy, The firm of Douglas & Grant have, since 1863, 

*See Lecture XX., continued in Appendix E, with full description of 
Dobson’s Tnp Gear and Cole, Marohent k Morley’s Compound Super¬ 
heated Steam Engine. 

+ No mention was made of Coiljss engines oi valves in either the first 
edition of Prof. Rankine’s Manual on the Steam Engine , published by 
Charles Griffin k Co. m 1859, or in John Bourne’s Treatise and his Gate* 
chism of the Steam Engine up to 1865 ; The first published explanation In 
this country appears in the Ti ansactions of the Institution qf Engineers and 
Shipbuilders in Scotland , vol. vii., 1863 4, by W. Inglis, and again, by the 
same engineer, in the Proc . Inst . M.B. for 1868, in a paper on 44 The 
Corliss Expansion Valve Gear for Stationary Engines.” Also, see The 
Steam Engine , by D. K. Clark, vol iii., Blackie k Son, 1890; Valves and 
Valve-Gearing* by Charles Hurst, 1002, Charles Griffin k Co. 

$ Whilst writing the above (from the mere recollection of having been 
taken as a boy to see this engine in 1860), I have received a letter, dated 
March 10% 1904, from Mr. A. G. Groundwater, the chief engineer of 
these works, in which he says— 44 1 have muoh pleasure in informing you 
that the late Mr* A G. Pirie (head partner) brought the first Corliss steam 
engine from America to this country and started it here in 1859. It was called 
.the 1 Yankee,’ and it worked continuously for 32 years, driving part of the 
works until we got larger engines, when it was not thrown away, but con¬ 
nected up for driving our eleotneal installation, and is new running as 
sweetly as ever.” Forty four years at work in a place where everything*!* 
of the best is a very good testimonial# 
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made many horizontal mill engines with the latest up-to-date 
improvements in Corliss valve gear for all parts of the world* 
The distinctive feature of this engine lies solely in the distri¬ 
bution and the special method of working its valves. Many of 
the most eminent British engineers showed a decided reluctance 
in believing that any such arrangement could surpass .the 
reciprocating flat slide-valve. But nowadays, some of the finest 
and largest mill engines, where a steady-running, economical 
steam prime mover is desired, as well as a number of the latest, 
most powerful and best “ Central Station Engines for Electric 
Light and Tramway Power Installations v are constructed with 
one or other of the mains patented Corliss modifications. 



Pig. 1 —Outside View or Fakcot-Corliss Valve Gear. 


As will be seen from Pigs. 1 to 10, with index to paits, the 
Corliss engine still retains the original and distinctive feature 
of having four, independent, segment-shaped, arc-faced valves, 
placed at or near the ends of the steam cylinder, with the 
peculiar method of rocking these over bored-out steam ports, 
and of automatically regulating the speed due to altering the 
point of cut-off by means of the governor. 

Whc& the stop valve, SV (Figs. 1, 2), is opened, steam from 
w bo»lw, nils the steam pipes, S P,, S P 2 , up to the admission 
valyea, A and A V 2 When either of these steam valves 
Uncovers Its JmwNs, steam enters one end of the oyUnder, 0, and 
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forces forward the piston, P. During the return stroke of the 
piston, this steam leaves the bottom of the same cylinder end by 
the exhaust valve, E V, or E V 2 , and its exhaust pipe, E P x or 
E P 2 , direct for the condenser if the engine be a simple oondens* 
ing one, or for the receivor of the next cylinder should it be of 
the compound type.* * 

Special Features of Cofliss Cylinders and Positions of the 
Valves. t-v-From an inspection of Fig. 2, it will be seen:— 

1. That the steam admission valves, AV X and AV 2 , are 
situated in the cylinder covers, surrounded by the live, fresh 
st^am, whereby they are kept as hot as possible. 

2. That a minimum distance exists between the curved 
working surfaces of the valve faces, AV X , AVg, and the inside of 



Fig. 2.— Longitudinal Vertical Section of Cylinder in Fig. 1. 


Index to Farts fob Figs. 1 and 2. 


S Pi, a for Steam pipes. 

Stop valve. 
Admission valves. 
Cylinder. 

Piston. 

PR )im Piston-rod. 



C C for Cylinder covers. 
EV lf 3 ,, Exhaust valves. 
EPj,o 99 Exhaust pipes. 

CS ,, Central sole-plate. 
SJ „ Steam jackets. 


* The exhaust valves, E Y l and E V 2 , should have been placed so as to 
clear the piston at the end of its strokes. But this drawing was made direot 
from the original, in which the designer has forgotten, that if one or other 
Of the motion-rods for these valves broke it would be awkward for the 
valves. * 

It See Index or end cf this lecture for further criticism* — A* J« ‘ ( 
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the cylinder, 0, as represented by the inner thiokness of the 
cylinder covers. Further, that the faces of these valves are 
kept up to their working surfaces by the pressure of the steam 
upon the backs of the former, and the way in which they are 
connected by a rectangular fitted slot to their admission 
valve spindles, AS (Fig. 1) ^ 

8. That to all intents and purposes, the clearance spaces be¬ 
tween the ends of the piston and the inner faces of the cylinder 
cover can be reduced to a minimum, by good design, workman¬ 
ship and the necessary cushioning of the exhaust steam. 

4 That the exhaust valves, E V x and E V 2 , are also placed jin 
the cylinder covers, but as far away from the steam valves as 
possible. The well-known pernicious cooling effects and waste¬ 
ful accompanying initial condensation, which is met with in 
ordinary slide valves, due to the colder exhaust passing out by 
the same port and through the same valve as it entered by, is 
thus neatly and effectually avoided. _ , 

5. In the case of horizontal cylinders,"any condensation which 
may take place therein, can readily drain down to the exhaust 
ports and be entirely swept out through EF, or EP 2 during 
each exhaust stroke, from the fact, that the exhaust valves 
are situated at the lower side and extreme ends of these 
cylinders. 

6. That the complete cylinder barrel and its ends are sur¬ 
rounded with steam jacket spaces, SJ, which may be kept 
always full of live, fresh, hot steam from the boiler, whilst any 
condensation which takes place in these jackets may be easily 
drained off into the condenser hot well by special cooks and 


pipes. 

7. That the cylinder as a whole is fixed to a central Bole-plate, 
0 S, so that it can expand or contract mote or less freely to or 
from either end without undergoing very severe stresses due to 
great changes of temperature. Such an arrangement should 
permit of the free use of superheated steam, if the valves did not 
J| war P.” an< ^ the working surfaces could be made to withstand 
4 m action. (See Index for Dobson’s Vertical Trip Valves.) 
r It will thus be seen, that the cylinder and valves of the Oorlisa 

« ave been designed upon sound scientific principles, with- 
» steam economy. We shall now consider hpw far the 
* the valve-motion gear and the governor support thin 
Ik the same direction. 

Dt Types of Corliss Valve Gears.—These may be> 
under three main types:— 

, ^rr-twtg Gear* without any “trip” or disengaging mechanism 
for regelating the point of out-off by means of a governor. In 
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this ha$e> aft four valves have a positive connection with the 
accentrift their travel is constant and the u point of cut-off” id 
invariable. Any governing for speed and load is dgne by a 
governor acting upon an ordinary throttle valve. This kind 
was never much used. 

% §ingh lUccentric Gears with “ trip ” motion for the front and 
back steam valves. In this case, the two steam valves are so 
rocked by the eccentric’s motion, through its connection with 
the wrist-plate, Ac., against the resistance of springs as to 
uncpver their steam port openings as quickly as possible* 
Their connection with the eccentric is then released by the 
governor, which automatically determines the “ point of cut-off” 
according to the speed and load. The two exhaust valves are 
worked in the same way as case 1 (see Figs. 1 to 4), and are 
always rocked full open whatever may be the point of cut-off in 
the steam valves or the load on the engine. 

3. Double Eccentric Gears with “ trip ” motion. One eccentric 
works the two steam valves in the same manner as in case 2, 
whilst another eccentric is devoted to working the two exhaust 
valves. Here the periods of steam, cut-off, exhaust, and cushioning 
may be adjusted before starting the engine by setting the valve 
spindles, driving levers and connecting-rods to the wrist-plate, 
&c. This type is now the kind most frequently made in this 
country for both large horizontal and vertical engines, as shown 
by the illustration (Fig. 9) of the Reynolds-Corliss valve gear on 
the high-pressure cylinder for one of the 5,000 I.H.P. engines 
of the Glasgow Tramways at the Pinkston Central Power 
Station. 

Shape and Construction of Steam and Exhaust Valves.*—As 

will be seen from an inspection of Figs. 2, 3 and 4, both the 



End View. Outride Longttudmal View. Crow section End View. 

through A B. 


Fig. 3.—Cobliss Steam Valve. 

steam and the exhaust valves are made of cast iron, turned and 
shaped al indicated by the end views and cross-sections. It will 

♦ As a rule, illustrations of Corliss valveB and their gears omit to show 
longitudinal and more than one cross-section of the steam and exhaust 

_ 11 .1 1* _ < « - _« 1_i.1 J £ . -1.. OAhJamAm 




3lSt, 1902. 
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be observed, that examples 3 and 4 are made as light as possible 
consistent with the necessary strength, and that they diner from 
Fig. 2 in # the method of connection to their steel valve spindles. 
Figs. 3 and 4 show slots along their right-hand ends at-V S, to 



End View. Outside Longitudinal View . Crosi section End View. 

through CD. 


Fig. 4.—Cokliss Exhaust Valve. 


receive the extended tongue of the valve spindle in the same 
way that the head of a screw bolt is slotted to receive the point 
of the screwdriver. They also have half-circle gutter ways, 
G W, which form self lubricating channels to carry any oil or 
dbndensed steam for the turned end-bearing surfaces. 

The Original Form of Corliss Trip Gear.—As the present-day 
forms of trip gear are somewhat complicated and difficult to 

understand from a mere 
inspection and descrip¬ 
tion of drawings, we have 
selected, as a preliminary 
diagrammatic view, the 
original form as devised 
and applied by Mr. 
Corliss, and as described 
by Mr. William Inglis in 
his paper to The Insti¬ 
tution ot Mechanical 
Engineers. 

Here, a weight, W, is 
attached to the lever, A, 
on the admission valve 
spindle, A S, whose rock¬ 
ing lever, fiL, is shown 
Flu. 5.-~The Origiaal Form op Corliss iu gear with the ad- 

Trip Gear. mission valve rod, A R, 

" s from the rocking wrist* 

plate shown m Figs. 1, 6 and 7. The fixed curved stebl spring, 
B S, keeps the upper end of A R, with its oatoh part, C P, hard 
against the catch pin at the outer end of RL, until the upper 
back curve on 0 P comes into contact with the trip plate, TP* 
Should tbci speed of the engine increase above the nomal, then 
the governor bal^s are moved outwards by centrifugal force, 
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thus pulling the governor rod, G R, forward in the direction 
shown by the arrow (-»to governor). The forcing down of the 
trip plate, T P, by this inoline'd wedge-piece on the under side of 
G R causes the trip plate, T P, to come into earlier contact with 
the back of 0 P, and thus releases A R from the eccentric drive 
soon,er # in the piston’s stroke. This permits the weight, W, to 
fall quickly at first and to close the steam valve sharply, but its 
further mbvement is cushioned or slowed down by means of a 
dash pot, D P, to which the lower end of W is connected. 

In, this simple but effective manner, the governor automatic¬ 
ally limits the speed of the engine between certain extremes, by 
tripping or releasing or disengaging the wrist-plate motion rod, 
and thus permits the steam valve to cut off steam early, if the 
speed .tends to increase, or late, if the speed has been reduced 
either by an incieased load or diminished steam pressure. 

Simultaneous and Relative Movements of the Wrist-Plate and. 
Valve Lfivers. — In Pis. 6, we have shown an educational 



Fig. 8.—Motions of the Wrist-Plate and Corliss Steam Valve. 


diagram, bqt not to scale, of the angles through whioh a wrist- 
plate, W P, and a rocking lever, R L, of an admission valve, 
AV, move simultaneously, due to their being rigidly connected 
by an admission rod, A R, in order to illustrate how the wrist- 
plate modifies the motion of the steam valve, from what it would 
otherwise be, if the admission lever of the latter was connected, 
direct to the eccentric rod. 
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, Let OjOj represent the centre line of the Wrist-plate,W P, 
when it is in the middle of its rockiiig motion, as communicated 
to it bv its connection with the engine eccentric; then, the 
centre fine of the valve's rocking lever, R L, will lie along the 
line, OjOj, due to the rigid connection, O a 0 2 , of the admission 
rod, An. Now, let the wrist-plate be turned to the r$ght by 
the eccentric’s motion through the angle, O x Rj, of say 38°, 
then the valve’s rocking lever, R L, will have moved during the 
same time through the larger angle, C 2 0 2 R 2 , of say 63°. This 
shows that the valve face was moved quicker through its 
lap + lead + opening of steam port, SP, than it would have been 
moved, had it been connected directly to the eccentric. Again, 
the same quicker motion would have taken place whilst shutting 
the steam port, S P, through the same angle. But, as the wrist- 
plate moves to the left ot the centre line, Oj Oj, of its motion 
» through the same angle of 38° into the position OjLj, the valve’s 
rocking lever, RL, only moves in the same time though an 
angle of 33° into the position 0 2 L 2 . It is thus apparent* that 
the mere introduction of a wrist plate and the judicious selection 
of a good location for the admission-rod pin at Cj on the wrist- 
plate, W P, will cause a quick opening of the valve for the 
admission of steam to the cylinder, whilst the movement of the 
said valve will be slow when “dwelling” over the rest of its 
ineffective movement. Of course, the introduction of the trip 
motion shuts the steam valve still more quickly than if it 
retained its rigid connection with the wrist-plate throughout its 
whole to-and-fro travel. The Americans thought, at first, that 
it was this very quick cut-off due to the trip gear, which caused 
the extra eoonomy in steam; but now, that idea is exploded, 
since it is the total area of an indicator diagram whioh is a 
measure of the work done for a certain weight of steam supplied 
per unit of time. 

General Description of the Connections Between and Move¬ 
ments of Eccentric, Wrist-Plate, Valves and Governor.—From 
#hat has been said, and by a comparison of Figs 1 and 7 with 
the index attached to the latter, the student will at once under¬ 
stand from the centre-line connections between these several 
parts how the movements are imparted by the eccentric, E, to 
the wrist-plate, W P, through the joint at the upper end of the 
radius Arm, R A, and hook rod, H R. Also, how the two short 
connecting-rods, A R x and A R 2 , transmit motion from the wrist- 
'plate* WP, to the rooking, levers, R L, of the admission steam 
valves, ATj, AV S . And, in the same way, how the rods, ERj 
andpidfcg, do the same for the exhaust valves, EVj and RY*. 

Furihpr, it Krill be seqn how the governor, G, is connected by 



MOVISlflMJSt'S OV fax CpgLISS VALVE QKAB. 

«« V 

*> $ ^ 



o5 



WH^rtCM " O p$ «J " 

° PS W £ pf of « J> t> M O H ; 

<1 H *) w p7 




» 






318 


• 1E0TURE XX. 


bell cranks, B 0, and governor rods, G R, and trip levers, T L, 
to their respective dash pots, D P 1( D P 2 , by their arms, A, and 
to its own dash pot, D P 8 . 

It will be evident, how the steam valves AY, and ay 2 , 
replace the front and back working edges of the ordinary 
reciprocating slide valve as far as lead, or admission of stearin and 
cut-off to their respective steam ports are concerned. Also, 
how the exhaust valves EVj and EV 2 take the place of the 
exhaust edges in the ordinary slide valve in determining the 
points of release, exhaust, and cushioning of the steam in a 
cylinder. • 

Farcot-Corliss Valve Gear.—Having mastered the general 
action of the several elements which come into play in regulat¬ 
ing the admission and exhaust steam, the student will .now be 
prepared to tackle the details of this example of levers and cams 
which serve to actuate the admission valves by special reference 
• to Figs. 1 and 8. The latter figure shows these details by four 
views, which represent the gear for the right-hand admission 
valve, AV 2 . Here, the rocking lever, R L 2 , is mounted loose on 
the projecting boss of the arm, A 'lhe lower end of RL 2 
carries a trip or catch plate, OP, which is constantly drawn 
towards the admission valve spindle, AS, by a spring. The 
precise position of this spring is shown in the hole opposite to 
the letters 0 P on the lower left hand figure or sectional plan 
through F a to centre of AS and then to 0. Upon AS is keyed 
the arm, A , the outer right-hand end of which is connected by 
the vertical rod to a spring contained in its dash pot, D P 2 . It 
is thiB spring which closes the admission valve quickly over its 
steam port, and the dash pot itself cushions or arrests the ending 
of the downward motion. The left-hand end of the arm. A, 


carries a lower catch plate, C P, which engages with the upper 
catch plate, 0 P, connected to lower end of R L 2 . Both catch 
plates are clearly seen and marked 0 P on the upper left-hand 
end view of Fig. 8. 

It will now be readily understood how the admission spindle, A S, 
it suddenly turned and admission valve, AV 2 , closed, whenever 
these two hardened steel catch plates are disengaged from contact 
with each other. This disengagement is effected by the governor- 
rod acting through the bell crank, BC, on the two cam links, CL, 
Which are fixed to loose cams, K, and K 2 , as shown on the right- 
hand- lower seotion through x.y. Now, looking at the lower 
left-lumd section, it will be seen, that when the projection of 
cam. 'qpmes into contact with the finger Fg, it presses the 
<m|wards from the centre of AS until the upper catch 
04?, is freed or disengaged from the lower one. This allows 
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the spring and dash pot, D P 2 , to act as previously mentioned, 
and to suddenly cut off steam from the cylinder by closing the 



Section o/J hne x y 

Fig. 8.—Details of Faroot-Corliss Single Eoobntrio Trip 
• Valve Gear. 


Index to Parts. 

A Ro for Admission valve rod. B G for Bell Crank to governor* 

RLj „ Rooking lever. GL „ Cam links. 

Or i, Oatohplates. R lf 2 „ Cams. 

A ,, Am keyed as A S. F,, « „ Fingers. • 

AS „ Admission valve spindle. SS ,, Spiral spring* 

DP t „ Dash pot. 
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admission valve. Daring the whole time of the admission, of 
the steam to the cylinder, the cam K, presses inwards the finger 
I?! against the resistance of the spiral spring, S S; thus giving a 
longer or a shorter admission of steam until the governor acts 
on cam Eg, as just described. 

Beynolds-Corliss Valve Gear.—3Pig. 9 serves to illustrate rt another 
style of single eccentric Corliss valve gear for a horizontal steam 



Dash Pot Diagrammatic Centre Line View of Connections. 


Fig. 9.—-Ordinary Single Eccentric Reynolds-Corliss Valve Gear 
with Trip Motion for a Horizontal Engine. 


engine. Index letters to the several parts of this and of the 


student should exercise a little patience and perseverance in 
tracing out the connections and the action of this gear, without 
further assistance. He should sketch, letter, and describe the 

and action of this gear as an exercise in his note* 

g Questions at the end of this Lecture.) 

acentric Gears.*—Fig. 10 shows an outside photo* 
r of one form of this double eccentric gear* known 

B lb* a fall description of Dubton'e Trip Gear re feorixobtal and vertical 
ippUoation to Cole, Marcbent a Motley's Compound Engine, i ' 
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as tbs American Eeynolds-Corliss type. On the left-hand side 
is seen the vertioal motion rod actuated by the one eccentrio and 
connected to one wrist-plate. From the top and the bottom 
corners of this wiist-plate, rods are connected to the rocking 
levers of the top and the bottom steam valves." In the same 
way the right-hand motion rod, wrist-plate, short rods, and 
locking levers work the top and bottom exhaust valves. The 





Jjfxo. 10.— Rbynolds-Corliss Valve Gear fob Ons Cylinder of tan 
* ■ 6,000 H.P. Glasgow^pamway Engines. 

dash pot is situated between thl lower inner sides of the wrist- 
plates. The oomplete tiling cups and pipes for the forced 
lubrication are also plainly seen, and this special arrangement 
Will be agaha referred to in this Lecture. 
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The Seigrist System of Automatic Lubrication for Large 
Engines. — The complexity, size, and number of engines, 
dynamos, Ac., which are, now to be found in large central 
power stations—such as those in the Glasgow Electric Tramway 
Power House, at Pinkston, where over 22,000 H,P. is looated in 
one room—have necessitated the discarding of the old system of 
oiling from dozens of isolated oil cups and hand-filled lubricators. 
Not only did the old system require a large number of men to 



Fie. ll, —General Arrangement or the Seigrist System oy 
* Automatic Lubrication for Large Engines. 


carry the oil from the filtering plant to the engine-i'oom, but a 
considerable number had also to be constantly moving about, 
feeling bearings and pouring|}il into the various cups, according 
to their respective requirements. The personal error or inatten¬ 
tion Of those so-called “travelling oil-cans,” often entailed heated - 
bearings, loss of power, and outlay for repairs, with waste of 









































































SEIGRIST SYSTEM OV AUTOMATIC LUBRICATION. 353 

time and money fotr changing over, or the laying up of one set 
of engines until defects were overhauled whenever the number 
of employees was diminished or the constant rigid system of 
supervision relaxed. 

By the introduction of a properly installed and complete auto* 
matic sprstem of lubrication, these shortcomings may be entirely 
overcome. Not only may all the valves, cylinders, slides, and 
bearings be thoroughly and efficiently oiled from one oiling table, 
but the number of attendants, their total wages bill, and the net 
quantity of oil used be very materially reduced. 

Jn Pinkston Station, the oil in continuous circulation between 
drain pipes to filters, in filters and overhead tank was equal to 
500 gallons. The oil delivered on the bearings per hour was 50 
gallons per engine With the engines running twenty hours per 
day and seven weekly working days, the oil circulated to and 
from each engine was about 7,000 gallons per week; or, with a 
weekly jpake up of 40 gallons of oil, we see that only of a’ 
gallon was lost per 100 gallons used by the machinery. No 
returns or pipes were used from the valve gear, pump-room 
plant, or any auxiliary plant. The total savings in cylinder 
engine oil and waste amounted to over £i0 per week when 
compared with what it was before the new automatic system of 
lubrication was adopted. 

Manipulation of the Oil.—The oil is brought alongside the 
power-house in a railway truck oil tank or in an oil cart. It is 
then passed through the supply or filling pipe into the storage 
tank, S T. This tank is in connection with the suction inlet of 
a duplex direct-acting steam pump, P v by which the oil is forced 
through the piping to the engine oil reservoir, E O. This steam 
pump, P x , is also connected to the oil filter, OF. Cocks are 
provided on the two sets of pipes, so that, by closing one or 
other of these valves, the pump can take oil either from storage 
tank, S T, or filter, O F. The oil from the reservoir, E O, is led 
into another set of pumps, P 3 . arranged upon a metal table at a 
convenient level above the engine-room floor. This pump, 
discharges the oil into a system of piping carried throughout .the 
engine-room and communicating with each moving part requir 
ingf lubrication. The waste oil from each part is caught and led 
into a central position, from which it is carried by piping to the 
oil filter, O F. After the impurities are removed by the filter, 
the oil is again pumped into the tank, E O, to be used as before 
for the bearings. 

The special oylinder oil from the reservoir, OO, is led by 
piping to the steam pump, Pg. The oil is forced by this pump 
along pipes to the engine cylinders. 23 
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Each pump is provided with pressure gauges., spring-loaded 
valves, and an automatic governor, by means of which the speed 
of the pump is controlled, accoiding to the quantity of oil 
required by the engines. Special fittings are bolted to the 
cylinders to permit of the most minute adjustment in the oil 
supply. 

Cylinder Lubricator.— Two views are given, showing t&e con¬ 
struction of the cylinder lubricator of the Seigrist system. The 
space under the diaphragm, D, is in communication with the 
cylinder of the engine, while the space above the diaphragm 



is in communication with the oil supply under pressure from.the 
automatic flumps, P 2 (see General Arrangement). By raising or 
lowering the adjusting handle 1 or 2, the amount of,oil passing 
the valve can be adjusted to the requirements of the engine 
oylinder.* This oil flows upwards through the water in the 
sight-feed glass tube, S F G, in the same manner as for ordinary 
sight-feed lubricators. The oil, after passing through the outlet 
O, is 1 caught by the flow of steam and carried into the cylinder. It 
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will be seen from these two views, that if the engine should 
be stopped, that the pressure of the oil supply from the 
pumps, will force the valve down on its seat, because the 
steam pressure on the underside of the diaphragm, D, is 
removed, thus preventing any waste of oil while the engine is 
standing. 

Cotnpound Engine with Automatic Lubrication. —A good ex¬ 
ample, of the lubrication of several journals and slide blooks 
from one common source of supply under pressure, is furnished 
by Beiliss and Morcom’s compound engines for the direct 
driving of dynamos. It will be seen from the Folding Plate, 
that not only the main crank-shaft bearings, but also the crank- 
pins, slide-blocks, the upper ends of the connecting-rods, the 
piston-valve eccentric and 
its irods, are all supplied 
with oil from a small pump 
worked by the same eccen¬ 
tric wffich moves the piston 
valve. The oil is thereby 
forced through each bearing 
under a pressure of 10 lbs. 
per square inch, and is again 
and again sent on its sooth¬ 
ing mission for months at 
a time, without change or 
great loss in quantity. A 
heavy lubricating oil is used, 
and it always returns to the 
small pump through a filter 
which removes any grit that 
it may have picked up from 
the bearings. This is a very 
different state of matters 
from the old “ travelling 
oil-can” system, when the 
quantity of oil applied and 
the times of application were 
as* erratic as the judgment 
of the attendant. 

A special feature of this Fio. 13.— Governob fob Bklliss 
engine is that both cylinders Moboom Engines. 

are supplied with steam by 

one slide valve, worked by one eccentric and one valve rod. 
The cranks are set opposite to each other, and the steam is 
admitted simultaneously to the top of one cylinder and the 
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bottom of the other. By this arrangement, the reciprocating 
parts are to a great extent balanced, the stresses on the 
bearings are much reduced, and a lugh speed of* revolution is 
possible without setting up undue vibration. 

The engine is fitted with a centrifugal governor (Fig. 13), 
oarried on the crank shaft, and connected to an equilibrium 
throttle valve. The governor gear is arranged so that the speed 
of the engine is capable of being altered by the adjusting wheel 
through a wide range of variation whilst running. The centri¬ 
fugal force of the two governor balls is chiefly resisted by the 
springs connecting them, but is partly opposed by the adjusting 
spring. In the event of any one of these springs breaking the 
balls instantly fly outwards, thus dosing the throttle valve and 
stopping the engine. A variation of speed not exceeding 3 per 
cent, between full and no load can be guaranteed with these 
engines, and consequently they are found suitable for the direct 
driving of dynamos supplying cuirent to an electric light or 
power installation, as shown by the Folding Plate. 

Triple-Expansion Engine with Automatic Lubrication.*—The 
accompanying Folding Plate serves to illustrate one of the best 
examples of vertical, inverted cylinder double-acting quick- 
revolution engines. These engines run at very high speeds 
without any fear of excessive wear and knocking of the connect¬ 
ing-rod brasses. The difficulty usually experienced when 
running double-acting engines at over 300 revolutions per 
minute arises from the necessity of such close adjustment of the 
brasses to avoid audible knock and shock. Thus, a small 
increase in temperature of the crank-pin may cause sufficient 
expansion to make it overtake the small clearance which is 
generally allowed for the bearing when cold. Consequently, 
this close adjustment renders the pin and its bearing liable to 
get hot and seize. The success of the Beiliss & Morcom 
engines is largely due to supplying the lubricant under pressure 
to the several moving parts. The pressure necessary for this 
purpose is not nearly equal to the maximum pressure on the 
‘bearing due to the weight of the engine, but only sufficient to 
Torce the oil into the bearing during a return stroke. The time 
taken by the piston in its upward stroke is too short to allow 
the oil to be squeezed from between the rubbing surfaces before 

c 

* Students are referred to the following papers should they desire any 
further information upon this subject :—Proceedings of the Inst. C.J?., 
voh oxxxvi., “High-speed Engines,” by John Handsley Dales, A.M., 
lost, O.BS.5 and vol. oxiv., “ Delannay-Belleville’s High-speed Engine,” by 
hL Aliamet- 
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< ' 
the pressure is again reversed and a fresh supply of oil given to 
the surfaces, as just explained in the case of the oompound 
engine by the same makers. 

' Results with Superheated Steam.— The following set of results, 
plotted in Fig. 14, were obtained from a 300 B.H.P. triple- 
expansion condensing engine using different degrees of superheat 
up to 307“ F., or a total temperature of 677° F. The results 
show that the percentage gain or saving in pounds of steam 
per I.H.P.-hour agree very closely with those quoted in 
Lecture* XVI. with reference to the Willans engine. These 
results are quoted in the following table, as well as others from 
engines of different powers by the same makers, working at 
different loads and speeds The student should plot out these 



Superheat Degrees Fait 

Fig. 14.—Ri.soi.TS obtained with a 300 B H P. Beiliss & Morcom’s 
Triple-Expansion Engine, using Supbrheaibd Steam of 160 Lbs. 
Pressure, and a Vacuum of 2675 Inches at 475 Revolutions 
PER MlNUrE. 

* 

results to scale, and thus present their several values in 
graphic form. 

Although the lemarkable economy shown by the results 
plotted in Fig. 14, of requiring only 10 lbs. of steam per I.H.P.- 
hour, were obtained from these quick revolution engines, yet, 
the author feels bound to state, that great care should be 
observed by those who meditate using such highly superheated 
steam of 600^ F. or more. 



Some Results obtained with Bellies & Morcom’s Triple-Expansion Self-Lubricating 

Engines, using Superheated Steam. 
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MtECJAUTIONS WITH SUPERHEATED STEAM. $ 5 $ 

Necessary Precautions to be observed with Superheaters and 
with Highly Superheated Steam. —1. Superheater tubes are liable 
to get,warped, burned, or chemically acted upon unless properly 
designed, made, erected, and worked. 

2. Highly superheated steam erodes or outs into brass and 
gunenetal. Nothing less than nickel steel would permanently 
stand its effects upon valves and valve seats. 

3. Highly superheated steam spoils the working surface of 
the Bofter kinds of cast-iron cylinders. Great care should be 
taken in applying superheated steam to cylinders which are 
hot made of the very best, hard grey, close-grained cast iron. 



IOO 800 300 400 500 600 7OO 800 900 1000 

Amperes at 225 volts and 350-revolutions. 


Fio. 16. —Efficiency Curve from a Full Load Test made 05 a 360-H.P. 
Non-condensing Willans Engine and a Siemens Dynamo. 


Data.— LH.P. = 366*7 ; E.H.P. = 302*2 ; mean steam pressure = 51*17 ; 
revolutions per minute = 360 ; cut-off = *5 ; steam pressure = 136 lbs. 
per square inch. 


4. When plumbago or graphite is used as a lubricant for 
cylinders, it is apt to clog and jam the piston rings, <fcc. f 
6. It has been found that engines in a first-rate condition 
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may be run with very little lubrication. When lubrication 
is necessary with superheated steam, then only* the best 
kind of high flash point lubricant should be used, such as 
"valvoline. 

6. Steam pipe and cylinder laggings, as well as everything 
which come into contact with steam pipes containing *very 
highly superheated steam, should be fire-proof, since they may 
be subjected to temperatures approaching 700° F. 

7. The stresses arising from highly-superheated steam were 
very great, and due allowance must, therefore, be made in the 
design of an engine to permit of free expansion without twisting, 
warping, or overstraining the parts thus affected by the extra 
heat. 

Tests of Willans’ Engine. —The foregoing curves (Fig. 16), 
together with the attached data, give a clear idea of the com- 
tyned^ efficiency of the indicated horse-powers, the 

electrical horse-powers, E.H.P., and the combined efficiency of 
a 360 H.P. non-condensing compound Willans engine when 
coupled to a Siemens dynamo. 

The following data gives the mean results of four sets of 
independent tests of a 400-H.P. Willans triple-expansion con¬ 
densing engine when supplied with ordinary dry saturated 
steam:— 


Test or Willans* Engine. 

Effective area of cylinders—three of each: high pressure, 90*836 square inches; 
intermediate , 345*44 square inches; low pressure, 587*175 square inches. 
Stroke, 10*24 inches. 

Mean boiler pressure above the atmosphere, . 190 lbs. per sq. in. 
Mean admission high-pressure cylinder, . . 169*5 lbs. per sq. in 

Mean effective pressure on low-pressure cylinder, 28*918 lbs.persq.in* 

Mean vacuum,. 25*925 inches. 

Mean revolutions per minute, .... 299*8. 

Mean LHP.,. 394*775. 

Mean total feed-water por hour, .... 5,050 lbs. 

Mean deductions fo* separator and other drains 

per hour, ....... 117 T lbs. 

Mean total steam to engine per hour, . . . 4932*9 lbs. 

Mean steam used per LH.P. per hour,. . . 12*49 lbs. 

Percentage Gain In Steam and in B.T.U. with Willans^Engine 
when supplied with Superheated Steam.— The curves and table 
of (lata given in Lecture XVI. regarding these gains show that 
with A triple-expansion engine giving 316 I.H.P., and using 
steam of 162 lbs. pressure by gauge with 180* F. of superheat, 
that the gain in steam used is fully 24 per cent. Now, applying 




THE WIIiLANS 08 WSB AE-VAL V E ENGINE, 361 

» m d k< 

this tq the previous case, where tile steam used per I,H.P.-hour 
was 12'49 lbs. with saturated steam, we get— 

9 • 

• • 100 per cent. : 76 per cent ; : 12*49 lbs. : x lbs. 

x — 9*6 lbs. 

with the same degree of superheat and assuming the same 
efficiency. 

The Willans Ce'ntral-Valve Engine.*—As will be seen from the 
accompanying figure the engine is single-acting, having all its brasses and 
moving parts constantly in compression, to enable it to run at a high speed 
without knocking. The slide valves are of the piston type, and work 
inside the piston-rods, This method affords a very direct distribution of 
the live steam and a free drainage for the condensed steam. The high 
piston speed employed in this engine iB in itself conducive to economy, and 
the Willans engine (as proved by many tests of undoubted authority) is on% 
of the mpst economical steam motors. With a small condensing engine 
indicating only 20 horse-power and running at 400 revolutions per minute, 
a consumption of 13 lbs. of steam per I.H.P. hour has been recorded, and 
a little over 18 lbs. when worked as a non-condensing engine. 

Cranks, Connecting-rods , and Eccentrics .—Each line of pistons is con¬ 
nected to its corresponding crank by two exactly similar connecting-rods, 
with a space between, in which works an eccentric, jorged solid upon the 
crank-pin . The connecting-rods at their top end engage two hardened steel 
pins, so supported that the pressure of the rods exerts no twisting stress upon 
them, and the eccentric-rod plays up and down freely in the space between 
them. The piston slide valves move inside the hollow piston-rod, R, 
which passes completely through the line of pistons, and through the ends 
of the cylinders. The reason for placing the eccentric on the crank-pirn, 
and not on the orank-shaft as usual is, that the valve face (».e., the inside 
surface of the hollow piston-rod) moves toith the pistons . Consequently, the 
valve-motion required is a motion relative to the pistons , and this is obtained 
by mounting the eccentric on the crank-pin, which, like the piston-rod, 
moves up and down with the pistons. Though its lead is Bet out differently 
from that of an ordinary eccentric, its effect upon the movement of the 
valves is exactly the same. 

Cylinders. —The annexed sectional view shows a standard pattern engine 
of O.G. size, which has low-pressure cylinders of 14* diameter and 6* stroke. 


* Students who desire to thoroughly study the excellent work done by 
Mr. Willans in the evolution of quick-revolution engines,’should refer to 
the* following papers with the discussions upon them. They should also 
refer; back to Lecture XVI. for the saving in feed-water, steam, and 
B.T.U. See Proc . oj Inst . C.E., vol. lxxxiii., p. 106, for ‘‘High-Speed 
Motors,” by John Imray, M.A., M.Inst.C.E. ; vol. xciii., p. 128, for 
“Economy Trials of a Non-condensing Steam Engine: Simple, Compound, 
and Triplevol. oxiv., p. 2, for “ Steam Engine Trials;” and vol. xcvi,, 
p 230, for “Eoonomy Trials of a Non-condensing Steam Engine: Simple, 
Compound, and Triple all by P. W. Willans, M.Inst.C.E» 
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The right-hand line of pistons, -with the hollow piston-rod, is shown in 
elevation, while the left-hand line is in section, with the piston-valves in 
elevation. In the right-hand line of pistons (which is upon the up-etroke) 
the course of the exhaust steam is indicated by arrows, but the piston- 
valves are necessarily invisible# 

It will be noticed that a compound, or even a triple-expansion, Willans 
engineftnay be run &b a simple engine without removing the upper cylinders, 
by merely removing the upper pistons, and the piston-valves corresponding 
with them. In fact, either the steam-pistons or the valves might be left, 
were it not for the useless friction of the rings. The upper cylinders, in 
such a case, become a mere extension of the steam chest. It is sometimes 
a practical convenience to be able thus easily to alter a compound to a 
simple engine, or a triple-expansion to a compound. 

Steam Distribution .—Referring to the left-hand line of pistons (which has 
completed j of the down-stroke), it will be seen that the steam from the 
boiler (after it passes the throttle-valve and the steam-chest) enters the 
hollow piston-rod by the uppermost openings, 1,1. From thence it goes 
into the H.H.P. cylinder by the second set of piston-rod openings, 2, 2. 
Cut-off takes place at about *6 of the piston's stroke by the passage of the 
ports, 1,#1, into the first gland, G. Exhaust takes place by the second 
piston-valve, V 8 , rising above the ports, 2, 2, and thus permitting the 
steam to pass out of the uppermost cylinder through these ports, 2, 2, into 
the hollow piston-rod and from there through the openings, 3, 3, into the 
receiver for the next cylinder. From this receiver, the steam again enters 
the hollow piston-rod by the ports, 4, 4, and out to and above the H.P. or 
second piston by the openings, 5, 5. Cut-off and exhaust take place for 
this in the same way as for the first cylinder—viz., cut-off by the passage 
of ports, 4, 4, into the second gland, G, and exhaust by the piston-valve, 
V* rising above the ports, 5, 5, thus permitting the outgoing steam to pasB 
through them and then through the openings, 6,6, into the receiver for the 
third or low-pressure cylinder. Here again admission, cut-off, and exhaust 
take place, as in the case of the previous two cylinders, viz., admission 
from the second receiver by ports, 7, 7, and 8, 8; cut-off by ports, 7, 7, 
becoming covered in their downward passage by the third gland, G, and 
exhaust by piston-valve, V 8 , rising above ports, 8, 8, and letting the steam 
through them into the hollow piston-rod and out through holes, 9, 9, 
into the exhaust chamber during the whole of the up-stroke. The 
exhaust pipe from this chamber may either communicate directly with 
the atmosphere or with a condenser. Piston-valves, V® and V 10 , con¬ 
stitute a guide for the bottom of the valve-rod, V 10 , has no packing, and 
there are holes in it in order to afford a free passage of water or oil 
through the same. 

It will be noticed that in the simple non-condensing engine,^the steam 
remains in the engine, from the commencement of admission tcfthe end of 
exhaust, for one revolution, as in ordinary engines. But in the compound 
non-condensing engine, the steam remains for two, and in the triple 
expansion engine for three, whole revolutions. In other words, the steam 
is practically quiescent in a receiver of some kind for half a revolution 
^between each two stages of expansion, and this (which is only possible 
In a single-acting engine) enables the range of temperature in the several 
stages to be divided advantageously. 

Drainage ,—The water above each piston is swept downwards by the 
exhausting steam into the space below during the whole of the fxhaust 
stroke; it has not to be carried by the piston to the top of the cylinder, 
sad then driven out suddenly through the port in a more or less upward 
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direction, as in the case in other forms of vertical engine.* The Wiltons 
engine has, therefore, unique advantages in getting rid of water from the 
cylinders, apart from the action of the relief-valves. 

Air Cushioning in Guide Cylinders .—Reference has been made to the 
faot that all the moving parts are constantly in compression—a condition 
rendered possible only by the faot that the pistons are single-acting, giving 
no pull to the crank upon the up-stroke, but only a push upon thp down- 
stroke. In any engine running at high speed the moving parts can only be 
kept in compression upon the up stroke by very great cushioning. This is 
rarely obtained in other high-speed engines without excessive compression 
in the cylinders, which naturally involves a certain waste of steam. 
Sometimes, when a high-speed engine exhausts into a vacuum, sufficient 
cushion cannot be obtained at all by the usual means* In the Willans 
engine very little compression is given in the steam cylinders, for little 
or none is required. The requisite cushioning to obtained independently 
by the guide pistons. These pistons, on the up-stroke, compress the 
the air contained in the guide cylinders, and thus any desired amount o i 
cushion can he obtained, according to the clearance allowed.* The work 
expended in compressing the air ts given out again by its expansion on the 
succeeding down stroke , and the loss, when the engine is running at a good 
speed, to proved by indicator diagrams to he too minute to be worth con¬ 
sideration. There are holes, 11, 11, in the guide cylinders, which are 
uncovered by the guides at the bottom of the stroke. As the casing of 
chamber which surrounds the guide cylinders (and which forms part of the 
framing of the engine) is open to the atmosphere, it is evident that the air 
compression always commences at atmospheric pressure, and to constant 
and invariable in its results, whatever alteration may be made in the 
pressure of the exhaust steam. 

The Brasses and all parts in Compression .—The upper crank-pin brasses 
of the connecting-rods are wider than the lower ones. This is because the 
upper brasses alone are intended to be m actual contact with the crank- 
pms ; the lower ones are only a stand-by in case of accident. All the 
moving parts of the engine are designed to oe strictly in lt constant thrust 
the connecting-rods are always in compression , never in tension, A small 
hole is drilled in each guide piston, J* inch in diameter, so as to be, just 
visible below the bottom edge of the guide cylinder when the orank- 
chamber door is removed, and when the piston is at the bottom of its 
stroke. When the entire diameter of this small hole to in view below the 
guide cylinder, it is time both to set up the brasses (so as to reduce the 
play) and to pack up the connecting-rods by inserting packing pieces 
between the big ends of the connectmg-rods and the brasses. The connect¬ 
ing-rods, however, muBt not be packed up sufficiently to take the hole quite 
out of sight, for its dower side must still be in sight (at bottom stroke) 
under the edge of the guide cylinder. If the hole goes out of sight entirely, 
there will not be enough clearance for safety between the low-pressure 
piston and the top of its cylinder. ® 

,The eccentric-rod is also intended to work in compression, in the same 
way as the connecting-rods. The holding-down pressure to furtitohed by 
the steam in the steam chest, acting constantly upon the uppermost piston- 
valve, Y 1 . It may sometimes happen, if the engine to run with a very light 


* The amount of ouahion is fixed in each oase to suit the intended speed, and max be 
insufficient to prevent knocking if that speed is largely exceeded. It for any reasonit is 
(tailed town an purine materially faster than was originally intended, and the engine 
^Jo^dtoknotk attbe increased speed, the speed must bereduced until thelmodftng 
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load, bat at a high spaed, that the pressure in the steam ehest (being much 
throttled down by the governor) is insufficient to keep the eccentric-rod in 
contact with the eccentric upon the up-stroke. If this be the case then 
a slight knocking may be heard, as the lower eccentric-strap is purposely 
left an easy fit upon the eccentric. Such knocking is unimportant, if not 
allowed to continue too long, and it will cease as soon as the engine is given 
work to do.* 

A father reason for the moderate wear of the brasses (and eccentric 
straps) is that they dip bodily into the lubricant in the crank chamber at 
every revolution. In doing so they splash it over the main bearings, and 
to the upper ends of the connecting-rods and eccentric-rods, and into the 
guide cylinders, as well as into that part of the hollow piston-rod where 
the guide, V 10 , works. The lubrication of the working parts (other than 
steam pistons and valves) is thus completely automatic. It is sufficient to 
mention here that (according to the usual method of working) the crank 
chamber contains not oil only, but oil and water mixed. As the tempera¬ 
ture of the mixture cannot possibly rise above that of boiling water, there 
is a practical guarantee against hot bearings, so long as the supply of water 
is maintained and suitable oil is used. 

Internal Relief- Valves . —In the low-pressure cylinders of all engines, and 
in the high-pressure cylinders, if large enough to be so treated, internal* 
relief-valves are fitted, consisting of a gun-metal plug screwed into the top 
of the low-pressure cylinder. The plug is pierced by holes, covered by a 
single thin gun-metal disc. When the disc is raised, there is free commu¬ 
nication between the cylinder and the receiver (or steam cheBt) above it. 
It iB kept down under ordinary circumstances by the excesB of the receiver- 
pressure over that in the cylinder; therefore no spring is required, and there 
is no part liable to get out of order. If from water in the oylinder, or any 
other cause, the pressure rises above that in the receiver, the valve lifts, 
and though the water is only passed back into the receiver, the relief is 
found to oe sufficient, and, in fact, far more effective than that given by 
ordinary external relief-valves. Engines so fitted have been tested by 
discharging a cubic foot of water suddenly into the steam-pipe; also by con¬ 
necting the steam-pipe with the water-space of the boiler (by a £-inch pipe, 
with a difference of 80 lbs. between the pressure in the boiler and that in 
the steam-pipe) without auy injury to the engine in either case. In cases 
where internal relief-valves cannot be used, ordinary external valves are 
fitted. When an engine is run without load the compression in the low* 

S ressure oylinder may rise beyond the pressure in the receiver; the disc of 
le valve may then oe heard to lift at each revolution, but the noise will 
go off as soon as the receiver-pressure is increased by giving the engine 
work to do. 

Air-Cocks.- Axe buffer relief-cocks, N, are fitted upon the guide cylinders, 
in order to avoid compressing the air in them when the engine is being 
turned by hand, and to facilitate starting. If the cocks are dpened at 
starting, they must be closed as soon as the engine gets fairly under-way. 
Th<fy must never be open when the engine is running at full speed, or the 
necessary cushion will be wanting. 

Drain-Cmdes ,—The drain-cocks on the receivers should be fully opened 
before starting, and should be kept open for a short time after starting 
They must, however, be closed and be kept closed while running, except 
occasionally to draw off any water which may have collected—when they 


* Hie principle of working with all brasses “in constant thrust” Is of the utmost 
importance and value, and is the primary cause, not only of the silent running*)! the 
Wulans engine, hut of the almost complete absence of wear In the brasses. * 
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Centrifugal Governor for Willans* 

Engine. 


and the valve in Its 
widest open position. 
At the intended speed 
(or slightly below it) 
the centrifugal force of 
the balls, helped by the 
spring, F, causes them 
to overpower the springs, 
A; and as the arms, N, 
N, move outwards, and 
permit the collar, C, 
and the bell-crank, E, 
to follow them. The 
spring, F, is, therefore, 
able to draw the rod, 
G, downwards, and to 
close the valve more or 
less completely, until 
the engine runs at its 
normal speed. If the 
speed, for any reasorf, 
such as reduction of 
load or increase of boiler 
pressure, begins to ex¬ 
ceed that intended, the 
balls fly open and the 
throttle - valve closes 
until the speed falls 
again. If, on the other 
hand, the speed dimin¬ 
ishes, the balls are 
drawn together by the 
springs, A, and approach 
one another, the spring, 
F, is over-powerea; and 
the valve opens. In 
order to permit a cer¬ 
tain amount of end play 
m the crank-shaft, with¬ 
out causing movement 
in the throttle-valve, the 
governor spindle fits 
loosely in a correspond¬ 
ing hole in the shaft, 
and is free tt> move a 
short distance endways. 
The outer end of the 
spindle is supported in 
a bearing formed in the 
governor guard, and 
carries a phosphor 
bronze ring, which 
works against the face 
of the hearing,, The 
spindle is kept up 
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against this face by the tension of the spring, F, noting through the bell- 
cranks, E, unaffeoted by end-play in the crank-shaft whioh drives it. The 
levers, H, H, are rigidly attached to the armB which carry the balls, and 
their free extremities are geared together, as shown. By this means the 
governor is balanced against gravity in all positions. 

It will be noticed that there are four elements which determine the action 
of the governor in controlling the engine, viz.:— 

(1) The weight of the balls which measures their tendency to fly apart 
at any given speed. If the balls are made heavier, they will overpower the 
springs, A, at a lower speed; if lighter, the engine must run faster before 
they will come into aotion. 

(2) The pull of the spring, A, against the balls, and the ratio in whioh it 
varies as the distance between them alters. 

(3) The pull of the spring, F, assisting the balls. 

(4) The position of the valve relatively to the balls, as determined by the 
adjustment of the length of the spindle, G. 

2. The spring, F, as has been explained, assists the balls to open, though 
its action iB small in comparison with the centrifugal effect of the balls. 
If more tension is put upon it, by means of the thumb-nut, M, the balls 
?yill open at a lower speed; if the tension is reduced, they will not open 
until a higher speed is reached. A moderate adjustment, therefor^, can be 
given by the nut, M. In cases where a considerable range of speed is 
required a different method is adopted. 


Criticism of the Farcot-Corliss Cylinder and Position of the 
Valves, as shown by Figs, 1 and 2 in this Lecture.— Best Up-to-date 
Corliss Cylinders and how they are Arranged .—Figs. 1 and 2 serve the pur¬ 
pose of enabling the student to obtain a good idea of a Corliss oylinder with 
the separate positions of its four separate valves. But, first-class makers of 
Corliss engines aim at dosigmng their cylinders, so that the interior of the 
cylinder, as well as the piston and piston-rod, may be inspected and the 
last two withdrawn from the oylinder as easily as possible—t.e., by simply 
removing the oylinder covers. 

Separate Parts constituting the Cylinder:— 

(1) The cylinder barrel with its jacket and liner. 

(2) The separate steam- and exhaust-valve chambers with ports for the 
front end. 

(3) The separate steam- and exhaust-valve chambers with ports for the 
back end. 

% (4) The front and back end covers. 

+ The first three of these sets of parts are so designed, maohined, jointed, 
and bolted together, that they constitute the whom of the oylinder proper* 
Each part is separately machined, and may be separately repaired and 
adjusted. 

Easy Examination of the Inside of Cylinder and the Piston *—If it be 
desired to examine the piston or the interior of the cylinder from either 
or from both ends, it is only necessary to take off and withdraw the 
front oover as far as the recess in the front framing will permit, and to 
remove the back-end cylinder cover, without touching any of the valve* 
Chambers, steam or exhaust pipe-joints. By driving out the cotter 
connecting the orosshead to the front end of piston-rod, the piston with 
, its rod may'he then withdrawn from the open back end of the cylinder. 
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Beat Position for Steam and Exhaust Valuta, —The front and the baok 
steam-valve chambers should be placed fair above their respective ends, 
and their short-port openings lead fair down to the very ends of the 
cylinder clearance spaces. The front and the back exhaust-valve chambers 
should be placed fair beneath their respective ends, and their short-port 
openings lead fair down from the very ends of the oylii dor clearance spaces. 
The cylindrical surfaocs of each of these rocking valves should work quite 
clear of the bore of the cylinder. 

St€elJ$p?'ings for Aiding Corliss Valves to be kept Tight .—Some makers 
of Coruss engines assist the steam pressure by aid of springs attached to 
thevvalve spindles with the object of still fuither ensuring the prevention 
of the leakage of stoam past the valve facts. 

Steam Jacket .—Provision should bo made for keeping the jacket solely 
filled with dry hot steam when the engine is at work. It should therefore 
be thoroughly drained of any condensed steam by being connected at its 
lowest point with an efficient stoam trap. This trap should empty into 
a pipe leading to the hot-woll or boiler food-putnp suction chamber, as 
explained in connection with the illustrations and description of the 8,8. 
44 Incliduno’s ” engines (see Index). 

Defects of the Farcot-Corliss Cylinder and Position of its Valves.—To 
inspect the interior of this cylinder or the piston from even the baok end 
only, yqy have to:—(1) Disconnect the valve rods AI< 3 and ER a . (2) 
Disconnect the steam and the exhaust pipes S P a and E P^ (3) To lift off 
the heavy cylinder cover CC, containing its steam and exhaust valves 
with their spindles, Ac., without fouling the ends or faces of 8 P 3 and E P-. 

The port openings into the cylinder of the admission valves A Vi, A V 3 
being horizontal, the pressure of the steam on the backs of these valves is 
not aided by their deadweights in keeping their working faces steam-tight 
to their ports in the same easy natural way, that they would do if their 
port openings led vertically downwards. Also, the valves will not be so 
well balanced, and there will be rnoro tear and wear betwoen the valves 
and their spindles than by the method referred to above. 

Neither have springs for aiding steam-tightness of the valves been fitted 

to the valve-spindles, nor steam traps to the jackets of the Farcot-Corliss 

cylinders, as referred to above. Some engineers consider these springs 

superfluous ; but now, no one can object to the use of the very best means 
... ...... ^ - *■ - ■ •» * 



Sectional View of a Coruss Cylinder which commotes with the 

Several Points in the above Criticism. 


24 
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Lecture XX.— Questions, . . . 

1. What advantages are claimed for the Corliss valve gear ? 

2. Give sketches of a Farcot-Corliss cylinder and its valve gear, shoeing 
the positions of the steam and exhaust valves, &c. Explain how the whole 
arrangement is fitted and works. Point out the weak points and make a 
design for a oylinder to fulfil the best up-to-date requirements of a 
Corliss cylinder, as mentioned at the beginning and the end of this lecture, 

3. Mention the different types of Corliss valve gear. Illustrate by 
sketches the usual shape and construction of steam and exhaust valves for 
this gear. 

4. Describe, with the aid of sketches, the original form of Corliss trip 
gear. Show the simultaneous and relative movements of the wrist-plate 
and steam valve levers. 

5. Give a general description of the connections between and movements 

of eccentric, wrist-plate, valves and governor in the Corliss valve gear, 
together with a diagrammatic centre line view of the connections, and a 
complete index to the parts. c 

6. Illustrate and describe how the tripping of the valve is effected in the 
Farcot-Corliss valve gear. 

7. Make a sketok of the Reynolds-CorliBS double-eccontrio valve gear, 
and explain its aotion. 

8. Describe, with sketches, how the automatic lubrication of the various 
parts of a large steam engine which is not encased, is now usually per¬ 
formed. What is regarded as the best method of lubricating the oylinder 
of an eleotrio light or power station engine? (B. of E., 1902, Adv. and 
H., Parti.) 

9. Describe, with sketches, any form of sight-feed oylinder lubricator 
for use with the Seigrist system of automatio lubrication. 

10. Sketch and desoribe how the system of forced lubrication is effeoted 
in a quick-revolution double-acting engine. Why are the working parts 
of such engines surrounded by a casing ? 

11. Sketch some common form of steam-engine governor, and show how 
it may be mado to regulate the speed (1) by acting on the throttle-valve, 
(2) by varying the point of cut-off. Contrast the functions of a governor 
and a flywheel as speed regulators. (C. & G., 1902, O., Sec. C.) 

12. Describe, with complete sketches, any form of steam engine governor 
with which you are familiar, (0. & G., 1901, O., Sec. C.) 

13. Calculate the percentage saving in lbs of steam per B.H.P.-hour, 
and plot on squared paper the results obtained with the 300 B.H.P. triple- 
jexpansion Belliss-Moroom engine when using superheated steam of 160 lbs. 
pressure. (Use the data given in the table for this engine.) 

14. Using the data given in the previously mentioned table, plot a 
ourve, showing the ohange in efficiency for the dynamo-engine when run 
at 34 revolutions per minute for full, f, £, and £ loads. 

15. Enumerate the several necessary precautions to be observed with 
superheaters and highly superheated steam. 

16. Give a concise description, with sketches, of the Willans central 
valve engine, and note any outstanding features about this engine. 

17. Peculate the percentage gain in steam for a 400-H.P. triple* 
expansion condensing Willans engine when using admission steam of 
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170 lbs. by gauge, but superheated from O' to 180® F. Plot your results 
for gain in steam and for gain in B.T.U. (Refer to table of results in this 
lecture, and to the formula with ourves in Lecture XVI.) 

18. Answer only one of the following (a, 6, c, or d )* (a) Describe, 
with sketches, a Hartnell governor, and give the theory of its aotion. (b) 
Describe, with sketoheB, a loaded Watt governor, and give the theory of its 
actipn. State exactly in what way the load causes improvement in the 
actio** (c) Describe any form of relay governor, (d) Describe how the 
governor acts in the case of the Corliss valve gear. (8. & A., 1897, Adv.) 

U9. Describe, with sketches, the construction and working of any crank¬ 
shaft governor which controls the advance and tiavel of a slide valve. 
(S. & A., 1898, Hons.) 


* Students should refer to the Author’s Text-Book on Applied Mechanics 
and Mechanical Engineering, 3rd Edition (et seq.), Vol. II., for different 
kinds of governors. 
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LECTURE XXI. 

Contents. — Early History of Marine Engines up to 1815 —Side Lever 
Engine—American Beam Engine—Steeple Engine—Double Cylinder 
Engine—Oscillating Engine with Valve Gear—Questions. 


Although the successful commercial application of steani-power 
to the propulsion of ships was not effected until after Watt in¬ 
vented and perfected his double-acting engine, it will be inter¬ 
esting to briefly refer to a few of the more prominent attempts 
at steam navigation previous to and at the beginning of the 
present oentury.* 

The earliest record that we can find of an actual attempt to 
propel a boat by a steam engine, is given in a correspondence 
between Papin and Leibnitz, wherein the former records having 
been present in 1698 at a trial of a boat driven by a Savery 
engine. The engine kept up a supply of water sufficient to work 
a water-wheel, which in turn drove the paddle-wheels. Papin, 
who was professor of mathematics at Marburg, had a vessel fitted 
with an engine of his own in 1707, wherein he employed the 
same device, viz., a pumping engine to force up water to turn 
a water-wheel attached to the propelling paddle-wheels. This 
vessel, however, before it had been put to regular use, was 
destroyed by a mob of boatmen who thought it would ruin their 
business. Papin himself narrowly escaped with his life and 
fled to England. 

In 1736, Jonathan Hulls took out an English ^patent for a 
steam tug, in which the paddle-wheels were to be driven by a 
Newcomen’s atmospheric engine, to which a system of ropes 
and grooved wheels, &c., was to be applied, so as to give a 
continuous rotary motion to the paddle-wheels placed at the stem 
of the tow-boat. 

In 1783, the Marquis de Jouffroy, who was one of the earliest 
iavants in Prance to recognise Watt’s improvements, after 
several previous unsuccessful attempts, had a boat 150 feet long, 


* For a complete history of the application of the steam «n g m* to the 
propulsion of ships, the student is referred to Mr. Woodoroft’s abridgements 
of patents, for marine propulsion, which will be found in most Engineers’ and 
Philosophical Societies’ Libraries, as well as to Prof. Thurston’s HUtofu 
the gttam Bngmt. 
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16 feet wide, fitted with a horizontal engine and paddle-wheelB 
14 feet diameter, 6 feet broad, and successfully tried it at Lyons, 
but owing to want of funds and discouragement from the French 
Government he did not put it to regular use. 

In 1787, John Fitch made and tried a boat at Philadelphia, 
whrqjj was driven by side paddles worked by a steam engine, 
which attained a speed of 3 or 4 miles an hour ; and in 1796 he 
experimented with a screw propelled boat at New York. This 
is the first actual trial of a screw propeller, although Daniel 
Bemouilli had in 1752 invented a form of screw propeller which 
he proposed to drive by a steam engine. 

In 1788, Miller, Taylor <fc Symington, at Dalswinton, Dumfries¬ 
shire, Scotland, built and engined a small boat (25 feet long, 7 feet 
beam, with a double cylinder engine, the cylinders being only 4 
inches diameter), which is reported to have attained a speed of 
5 miles an hour. All these early attempts up to the beginning 
of the present century failed, chiefly on account of the imperfect 
means employed to transmit motion from the piston to the pro¬ 
peller. It was not until Watt’s improved rotative engine began 
to be generally understood and appreciated that anything like 
practical success can be said to have been attained. 

In 1801, Symington, encouraged by the previous partial success 
with Miller’s boat, and availing himself of Watt’s improvements, 
built and engined for Lord Dundas a small boat called the 
Charlotte Dundas, which plied as a tug-boat in 1802 on the Forth 
and Clyde Oanal with complete success, and was only laid aside 
owing to the fear on the part of the canal directors that the 
wash from her propeller would injure the banks of their canal. 





The “Chablottb Dundas,” 1801, 


As may be seen from the above figure, the vessel was fitted with 
a stem wheel, driven by a direct-acting horizontal engine with 
connecting-rod and crank. A condenser and air-pump were 
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fixed below the cylinder, while the boiler extended above the 
deck. Altogether the arrangement was most creditable, and she 
has justly been styled “ the first practical steamboat.” 

In 1807, Robert Fulton, an American, had a steamer called the 
Clermont launched for him on the East River, New York, 133 
feet long, 18 feet wide, and 9 feet deep, which he fitted wj,th an 
engine having a cylinder 2 feet diameter, and 4 feet stroke, 
made for him by Boulton & Watt in England. This paddle 
boat made a trip to Albany, running the distance of 150 miles in 
32 hours and returning in 30 without using the sails on either 
occasion. Old drawings, made by Fulton’s own hand, of the 
Clermont» engine, are in the possession ^ Professor Thurston at 
the Stevens' Institute of Technology, 'a lie success of the Clermont 
on the trial trip was such, that Fulton soon afterwards advertised 
the vessel as a regular passenger boat between New York and 
4-lbany, and he has therefore the credit of first making steam 
navigation an every-day commercial success. ‘ 

In 1812, Henry Bell constructed the Comet on the Clyde, a 
craft of 30 tons burden, 40 feet long, and 10£ feet beam, which 
ran for several years between Glasgow and Greenock as a regular 
passenger steamer. 



The “ Comet,” 1S12. 


As may be seen from the above figure, there were two paddle- 
wheels on each side, driven by an engine rated at three hor$e 
power, of which the following diagram taken from Professor 
Rankine’s Steam <md Steam Engine gives an idea of its style 
and proportion. 

This engine, as shown by the drawing, is what might be 
expected to have been used at the date of its construction for 
a-small land en gin e, since it is fitted, not only with a fly-wheel, 
but also with a Watt’s pendulum governor. It is a simple form 
iOf side-lever engine, where long return side rods from the 


EABLY HISTORY OP MARINE ENGINES. 


375 


piston-rod crosshead engage with one end of a side lever, 
having a fulcrum or wyper shaft at its other end. With 
several important additions and improvements, such as jet or sur¬ 
face condensers, variable hand-regulated expansion gear, foot-trip 


and hand reversing gear, and omitting the fly-wheel and governor, 
this.^style of engine, termed a “grasshopper” engine, is to 



The Engine or the “Comet,” 


be found at the present day doing good work in many tugs on 
the Thames, Clyde, Forth, and other ports. Several advantages 
are claimed for it, Buch as cheapness of construction, long stroke 
even in shallow water boats (where the cylinder is placed near 
the keel instead of on a raised platform as in the Comet's engine), 
less chance of sticking on the dead points than most other single 
eylinder forms of engines (owing to the position occupied by the 
crank shaft, the connecting-rod being placed between the cylinder 
side rolls and the side-lever fulcrum), and also the fact, that it will 
work with less attention and in a greater state of disrepair than 
many other more finely adjusted forms of engines. The cylinder 
of the Comet is preserved as an interesting relic in the Glasgow 
Corporation Kelvingrove Museum. 

From this date the advancement and success of steam‘naviga¬ 
tion was very rapid, for we find that Bell soon built several 
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RWtijrf^na 0 ^ 8 !.\ In , 1854, there wer ® 5 steamers in Great 
twTwl*if Seotoh) reguiarly at work in British waters; in 1820 
there were 34, one-half in England, 14 in Scotland, and the rest 



The “ Grasshopper ” Engine. 


Britain, of wMclJ^OO^werrEnJlfh 5 in Great 

th f year 1886, there werT abou^ 750 ^ S ? tch ln 

belonging to all nationalities and in 1R«A ? teame ™ 

fitted out. 290,000 tons burde * were launched and 

“"“V"™ Of e.giaea for 

wheel, driven by what l 7 USed was the Paddle- 

This form of engine may regarded “ ^ 8ide ' W 

this century. Th^eVmSLnJ 0gUe uT the ®arly partof 
superseded in this, country was broi^ht ’ , altbou # b n °w entirely 
the Messrs. Napier of SZ^wkHiL**^ potion by 

st* the repair of the engines of the nlrwfv. 8611 * *? 4,1 apprentice to 
^ by R ^^pier * Son. 
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The foregoing diagrams show the general arrangement of these 
engines:—The figure on the left hand is a side view of the port 
engine, while that on the right hand is an end view of the 
cylinders, <fec., of both engines. 

Each engine had a pair of side levers, b, fixed to one central 
rocking shaft, but on opposite sides of the steam cylinder^ -a. 
The piston-rod of the cylinder carried a crosshead like a large 
T (clearly seen in the end view), from which were suspended a 
pair of side rods, and those rods engaged with the after ends of the 
side levers. The other or forward ends of these side levers were 
connected to a single cross-tailed connecting-rod like an inverted 
T f thus JL, the upper end of which engaged the crank pin, e. The 
air-pump was also worked from the main side levers as shown at, d, 
while the jet condenser was situated between it and the cylinder. 
The eccentric with its counterpoise weight is seen at, /, and the 
paddle-wheel at, h. The whole engine rested on a heavy 
cast-iron girder sole plate, c. Such engines rarely used 1 steam 
above 20 lbs. pressure on the square inch, and made about 18 
revolutions per minute, or a piston speed of not more than 200 
feet per minute, with a consumption of coal rarely less than 7 
lbs. per indicated horse-power-hour; whereas now-a-days, a steam 
pressure of 150 lbs. with a piston speed of 600 feet, and a coal 
consumption of less than 2 lbs. are quite common. They were 
very heavy, occupied great space, and were often difficult to 
start, requiring in the larger boats sometimes two or more men 
at the starting wheel, for steam hydraulic starting gear, and 
balanced slide valves, had not been devised in those days, and 
only one eccentric was used, so that the slide valveB had to be 
worked by hand until sufficient speed was attained to keep it in 
position for steaming either ahead or astern. 

American Beam Engine. —This form of engine, which is peculiar 
to American river steamers, owes its characteristic design chiefly 
to Robert L. Stevens, the son of Oolonel J ohn Stevens, a con¬ 
temporary and strong rival of Robert Fulton in shipbuilding 
and marine engineering at the beginning of this century. The 
u skeleton or walking beam ” was first designed by Robert 
Stevens in 1822 for the Hoboken , and in 1827 he built the 
America, one of the largest and most successful river steamers at 
that time* It attained the then extraordinary speed of between 
15 and 16 miles an hour. This vessel had a pair of engines with 
single cylinders, each 44£ inches diameter, and 8 feet stroke, 

many years between London and Aberdeen. The repair was necessitated by 
the breaking of one of the large side levers, b, a circumstance of not 
unfrequent occurrence with such engines. The diagrams on the last page 
give a good idea of her engines. 
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*vhich made 24 revolutions per minute. In the vessel, he in¬ 
troduced for the first time, what is known in America as the 
•* hog frame,” a simple and efficient form of stiffening truss, for 
keeping long, light, and shallow vessels in shape when irregularly 
laden, and when steaming fast under the action of powerful engines 
The*following figure, taken by permission from Professor 
Thurston’s History of the Steam Engine , clearly illustrates the 
comnion type of American beam engine, which has been even to 
the present day but slightly altered in general style since it was 
first introduced by Stevens, except that iron and steel take the 
place of wood in the “gallows frame,” and a higher steam pres¬ 
sure, sometimes as high as 60 lbs. is now used:— 



Aioebican Buu Enoxxs. 
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“ This class of engine is usually adopted in vessels of great 
length, light draught, and high speed. But one cylinder is 
commonly used. The piston-rod crosshead is coupled to one 
end of the beam by means of a pair of links, and the motion of 
the opposite end of the beam is transmitted to the crank by a 
long connecting-rod. The beam has a cast-iron centas, Sur¬ 
rounded by a wrought-iron strap of lozenge shape, in which are 
forged the bosses for the end centres, or for the pins to which 
the connecting-rod and the links are attached. The main centre 
of the beam is supported by a " gallows frame ” of timber so 
arranged as to receive all stresses longitudinally. The crank 
and crank shaft are of wrought-iron. The valve gear is usually 
of Stevens’ form, the combined invention of Robert L. and 
Francis B. Stevens \ the steam valves being of the disk or poppet 
variety, rising and falling vertically, and are four in number, 
two steam and two exhaust valves being placed at each end of 
the cylinder. The condenser is placed immediately underneath 
the steam cylinder. The air-pump is placed close beside the 
former, and worked by a rod attached to the beam. Steam 
vessels on the Hudson River have been driven by such engines 
at the rate of 20 miles an hour. This form of engine is 
remarkable for its smoothness of working, its economy and 
durability, its compactness, and the latitude which it permits 
in the change of shape of the long flexible vessels in which 
it is generally used without injury by “ getting out of line.” 




END VIEW. 


The “ Steeple” Enqxne. 
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as Maudslay’s (of Loudon) double cylinder engine, a cross section 
and side view of which is shown in the preceding figure. 

It consisted of two equal cylinders, placed side by side, 
of which there were usually two sets, as shown. In order to 
get sufficient length of connecting rod, the piston-rods* of each 
pair of fore and aft cylinders were connected to one crosshead of 
T shape, the lower end of which dipped down between Vertical 
guides placed betwixt the cylinders, and was there attached to 
the lower end of the main connecting-rod. The air-pumps were 
worked as shown from this same point by smaller connecting- 
rods and levers. 

Oscillating Engines. —The oscillating engine was first used as a 
land engine, for we find that in 1785 Murdoch, the manager of 
Messrs. Boulton & Watts’ engineering works at Soho, Birming¬ 
ham, devised a simple oscillating engine. Trevithick is also 
reported to have suggested this form of engine, but it remained 
for the well-known firms of Messrs. John Penn & Son, o£ Green¬ 
wich, and Messrs. Maudslay & Field, of London, to perfect and 
adapt it specially to paddle steamers. The general arrangement 
is shown by the following figures, of which the left hand one is 
a side view, and the right hand one an end view, taken from 
Professor Rankine’s Steam and Steam Engine :— 



In these engines the chief feature is, that the connecting-rod 
is altogether dispensed with, the upper end of the piston-rod 
being supplied with an ordinary connecting-rod crank pin end, 
so as to work directly on the crank. The cylinder is usually 
placed vertically under the crank shaft, and is carried on 
twO trunnions near the middle of its length, so that it may 
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freely sway to and fro through a small arc, and thus permit the * 
piston and piston-rod to follow the movements ot the crank. 
From the following sectional elevation and plan (next page) of 
an oscillating marine engine cylinder, 0, it will be seen, that 
the trunnions are hollow, the one next the skin of the ship 
being always the steam trunnion, ST, or that one connected 
direcky to the steam pipe leading from the boiler, while the 
inner or central one is the exhaust trunnion, ET, connected 
directly to the condenser. Both are kept steam tight with a 
stuffing-box and gland. There are usually two valve chests bolted 
to* the' valve faces, V F, Y F, placed on opposite sides of the 
cylinder, and at equal distances from the centre lines of the 
trunnions, so as to balance each other as they oscillate with the 
cylinder. A steam belt surrounding the cylinder connects the 
steam trunnion with the valve chests, and also the exhaust port 
of the valve casing with the exhaust trunnion; two diaphragms 
as shoyn, are cast in this belt to prevent communication betwedh 
the entering and exhausting steam, except through the action of 
the slide valve. The top cover, TO, with its gland, G, and 
stuffing-box have to be made stronger and deeper than in ordinary 
engines with a connecting-rod and piston-rod crosshead guide, 
as they have to withstand the side stress of turning and stopping 



End View,—Oscillating Engine. 


the momentum of the cylinder, and the piston-rod has also to be 
made larger for the same reason. A bottom cover, BO, is provided, 
for the purpose of facilitating the casting and boring out of the 
cylinder during manufacture, or getting in to clean oufr or to 
ynscrew the piston-rod nut on the bottoip of the piston. The 
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glide valves which are generally ordinary D slides, are worked ' 
by an ingenious arrangement from eccentrms on the crank shaft, ' 
as seen by the figure on the opposite page. ■ ^ 



Oscillating Cylindfr. 


Two eccentrios, Ej, E 2 , generally cast and fitted on to the 
crank shaft, 0 S, in two parts, communicate an u£ and down 
motion (when one or other of them is in full or partial gear), 
through their eccentric rods, E x R, E a R, the link, L, and die- 
block, D, to a carved sector, S, moving between two vertical 
guides, G R. In this curved sector, S, are fitted two metal 
blocks, B 1 , Bj, attached to the inner ends of two rocking levers, 
R L,, R L<j, which transmit a simultaneous down and up motion 
to the cylinder valve spindles, V S u V 8 r The rocking levers 
with fulcra, Pj, P 2 , are fixed to cylinder and curved rojpd it to 
meet the valve spindles. The curvature of the sector is drawn 
with a radius from centre of trunnion. When it is retired to 
reverse the engine, the reversing rod, RR, is moved to the right ojr 
to the left according as the engine is required to go ahead or astej% 
by the starting wheel, whioh is usually fixed on the platform on 
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« 

a level with the top framing carrying the crank shaft. Either 
one or, if preferred, two air-pumps are worked at an angle from 
a central crank (shown in the end view), by means of a connect- 



Valve Geab fob Oscillating Engine. 


C S for Crank Shaft S for Sector. 

Ei, E] „ Eccentrics. G R „ Guide Bods. 

Ei R, E a R „ Eccentric Bods. R Li, R L* „ Rocking Levers. 

L ,, ,, Link. Fi, F 9 ,, „ ,, fulcra. 

R R „ Reversing Rod. B lt Bj „ Sector Blocks. 

D „ Link DieHalock. V Si, V S, „ Valve SpifidleB. 

ing-rod attached to a trunked plunger, while the condenser, if of 
the jet type, is placed between the cylinders, and if of the surface 
kind either before or behind them, but in the centre line of the ship. 

Between 15 and 25 years ago, oscillating engines were by 
far the most popular kind of engines for fast passenger paddle* 
whe& steamers in this country.' The oscillating engine was 
Usually worked at a steam pressure of from 30 to 35 lbs. on the 

square inch, and produced most economical results at that pres* 

25 
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sure, having sometimes as low a consumption aB 2f lbs. of coal 
per indicated horse-power-hour. Now, however, engines of the 
compound type, with an early cut-off and expansion valve, can 
he made to work much more economically than this. A general 
feeling exists, that the trunnions of oscillating engines will not 
keep tight at very high pressures, such as 100 or more lbs., 
although some aver that there is no great practical difficulty in 
this respect The oscillating form of engine does not seem to 
lend itself readily to compounding, and we do not hear of so 
many being ordered as formerly; direct-acting diagonal engines 
being seemingly preferred. However, where the economy of 
compound engines does not show to so great advantage, such as 
in the case of steamers making quick, rapid, short passages, with 
frequent stoppages, the oscillating engine is still a favourite, 
for it is the most compact and direct acting type of engine we 
have. It is easily started and stopped, the weight of the 
nfachinory is less than in most kinds, and is well down in the 
hull of the ship; moreover, the stresses are transmitted tb, and 
readily taken up by the keelson, and the ship’s frames. 


Lecture “XXL —Questions. 

1. Referring to the early history of steam navigation previous to the begin¬ 
ning of this century, point out the chief causes of failure of early inventors. 

2. Give an outline free-hand sketch of a “ side-lever engine,” with 
index of parts, using the first letters of the names of the parts, and state 
why this type of engine was given up, and when. 

3. Give an outline sketch, with index of parts, of the “ American beam 
engine,” and state the advantages claimed for it, which will account for its 
retention, even to the present date, by the Americans What is the 11 hog 
frame," and of what use is it ? Have you ever seen it or the beam marine 
engine applied in this country ? If so, where ? 

4. Sketch in outline a “steeple engine” and a 11 double oylinder 
engine,” with indices of the chief parts. 

5. Sketch in outline a Grasshopper engine, and give an index of the 
ohief parts. State the advantages claimed for this form of engine, and the 
kind of steamer for which it is best adapted. Have you ever seen an 
engine of this kind at work, and where ? 

6. Describe an eccentric and eccentrio rod as fitted to marine engines, 
and show that they produce the same motion as a crank and connecting-rod* 
How is the eccentric connected with the slide valve m an oscillating engine? 
Give sketches and index of puts. 

7. Describe the construction of the cylinder of an oscillating engine. 
Make a diagram showing how the slide valves are worked by the eccentridi 
as well as the steam ana exhaust passages. 

8. Describe, with sketches, the construction and arrangement of the 

cylinder, steam ports, and passages, together with the slide valve of a 
marine oscillating engine, and show the manner in which the valve gem if 
adapted to the oscillating cylinder. jr * 

9. Describe, with sketches, the construction of an oscillating engine, and 
the method of distributing the steam. 
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CONTINUATION OF LECTURE XXI. 

Contents. —Diagonal Direct-Acting Engines, with Joy’s Valve Gear and 
Alley’s Flexible Coupling, &c.—Paddle-Wheels—Radial Paddle-Wheel 
. * .—Feathering’Paddle-Wheels. - Questions. 

Diagonal Direct-Acting Engines.—This form of engine is very 
convenient, and is now the most popular for fast paddle-wheel 
riv6r steamers of light draught. As will be seen from the 
illustrations which we give, it is neither more nor less than a 
horizontal engine set at such an angle, that the forward enctis 
elevated to suit the necessary height of the paddle shaft, while 
the after end rests firmly on the ship’s floor frames. It no doubt 
takes up a larger fore and aft space than the oscillating type, but, 
on the other hand, it occupies less space athwart-ship, and when 
the framing is carefully designed, using wrought-iron and steel 
wherever possible (instead of the older style of cast-iron framing), 
the weight per horse-power does not in all probability exceed 
that of its chief rival the oscillating engine. The weight is also 
better distributed along the keel of the ship, and the stresses set 
up by its action are chiefly in a fore and aft and downward 
direction, and therefore easily resisted by the natural structure of 
the vessel. Moreover, the chief working parts are in full view 
of the engineer while at the starting wheel, the engine is readily 
got at for adjustment and repairs, easily compounded, and all the 
most modem and efficient devices for quickly starting, stopping, 
and reversing, or for economising steam are easily applied to it. 
We illustrate one of the latest of these popular diagonal direct- 
acting engines, of which eight sets with their boilers, tfec., were 
made last year (1885) by Messrs. Alley A Maclellan, Sentinel 
Works, Glasgow, for steamers now trading on some of the large 
rivers in India. 

By studying the two figures, along with the index of partB, the 
Student will be able to get a minute idea of the general arrange¬ 
ment of boilers and engines, but, in order that he may the better 
grasp the construction of the engines, we illustrate a perspective 
view of them as they lay in the workshop before being removed 
and fitted into the steamers. It will be observed that they are 
compound condensing engines, and are fitted with all the latest 
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General Longitudinal Arrangement. 


Diagonal Compound Engine and Boiler. 


improvement®, such as Joy’s valve gear and Alley’s flexible main 
shaft coupling. As these two improvements or modifications of 
them are fast coming into use, we shall illustrate and describe 
them. 

Joy's Patent Valve Gear is a clever device, whereby the 
necessary motion of the slide valve, and the facility for reversing 
the engine, are effected by a series of links and connections between 
the connecting-rod and the valve spindle, thus replacing the 
ordinary double eccentrics and Stephenson’s link-motion. The 
motion obtained by it is a very perfect one for a slide valve, for 
the travel of the valve is made quick on opening and on shutting off 
steam to the cylinder, and slow when the steam is expanding and 
exhausting. This is effected without any undue lead or com* 
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presrion, or too early an exhaust. The spaoe usually occupied by 
eccentrics on the crank shaft is saved, and thus the cylinders and 
th§ cranks, as well as the main bearings, can be brought much 
closer'together, 

. At a joint, J, on the connecting-rod, 0 R, is attached a double 
link, Lj L x , about £ along this double link is attached a pair of 


PD 



CROSS SECTION THROUGH LlNE A.. B ON OTHER VlEW. 
Diagonal Compound Engines and Boiler. 

Index to Both Views. 


PD 

for Promenade deck. 

EP i 

lor Exhaust pipe. 

MD 

„ Main deck. 

WS 

>» 

Wrought-iron stanchion. 

CD 

st Coal (bunker) door. 

SCo 

91 

Surface condenser. 

B 

,, Boiler. 

CP 

99 

Circulating pump. 

F 

„ Funnel 

IV 

99 

„ inlet valve. 

6 

,i Gauge pipe to indicate 

DP 

99 

f , discharge pipe. 


height of water. 

AP 

>» 

Air-pump. 

SV, 

Safety valves. 

HW 

99 

Hot-well 


„ Stop valve. 

CR.CR 

99 

Connecting-rods. 

SP 

„ Steam pipe. 

cs 

99 

Crank shaft. 

Dl • 

i, Door to engine room. 

FC, FC 

99 

Flexible couplings. 

W.W, 

,, Windows „ 

PS, PS 

99 

Paddle shafts. 

U 

lf Ladder „ 

PW 

«« 

Paddle-wheel. 

S 

„ Seat for Engineer. 

EB, EB 

•9 

Outer eooentrio bear¬ 

sw 

„ Starting wheeL 



ings for feathering 

VO 

H Valve casing. 



floats. 

0 

i) Cylinder, low pressure. 




































































Alley and Maclkllan’s Compound Diagonal Engines. 


Dimensions of Compound Diagonal Engines, &o. 


Steamer. 

Ow Boiler (Steel). 

Engines. 1 

Builders* measurements 222 tons 
Length . . =140 feet. 

Beam * , . = 18 feet 

Depth of bold . =7 ft. Bin. 

Speed. . . =144 feta. 

Weight# Engines = 22 tons, 
ti Boffersln 
jforWng triri =23 tons. 

* 

Diameter . . = 11 ft 6 in 

Length . . = Oft. 6 in 

Thickness of shell = i* in. 

Furnaces . . =Two. 

Tubes . . . =192 

„ Diameter = 8$laO.D 

Grate surface . = 3d sq. ft 

Total beating surface = 1298 sq. ft 
Pressure . . =100 lbs. 

Diameter H.P. cyL' = 22 in, 

«. LP cyl. = 87$ia 

Length of Stroke = 80 in. 

No. of strokes per mla =44 

Cut off in each cyl. = 15 ia 

Indicate i Horse-Power=800 
Diameter of Paddles =12 ft 

Breadth . . . =6 ft 

Immersion . . =2ft3!a 












































Joy's valve gear for diagonal engines. 

tynks, L r the upper ends' of these being coupled first to glidin g 
blocks, S B (working in curved guides, 0 G), and the ex¬ 
treme end to the valve connecting-rod, V R, which terminates 
at aild is fixed to the valve spindle, V S, with its accompanying 



Joy’s Patent Valve Gear. 


slide valve, S V. The lower end of the double links, 1^, is 
connected to a radial rod or link, Lg, terminating in k fulcrum, 
F. fixed to a bracket on the high-pressure cylinder HPO, 
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wherein is shown the piston, P, and piston-rod, P R. Precisely 
the same arrangement is carried out with respect to the low- 
pressure cylinder and slide valve. The double (curved) guide, 
0 G, is free to move to the right or to the left in bearings 
carried by the main framing brackets, F B (see also the per¬ 
spective and general views of the engine). The reversing jor. 
starting wheel, S W, is keyed at the upper end of the reversing 
Screw, R S, which screw has a nut, N, fixed to the reversing 
levers, RL. 

It will thus be seen, that the combined to-and-fro, up-and-down 
motion of the connecting-rod, is converted and transmitted to 
the valve spindle, in the form of a merely to-and-fro motion. 
The eccentricity of the connecting-rod’s motion being duly 
corrected by the relative positions and lengths of the several 
links, Ly L 2 , L a , dec., and that by elevating the nut, N, by the 
reversing screw, R S, the curved guides, 0 G, are turned 
backwards or from the cylinder, this action draws forward* the 
valve rod with valve spindle and slide valve, admitting steam 
behind the piston, and causing the engine to move forward, or 
in other words putting it in forward gear, while the depressing 
of the nut, N, effects precisely the opposite, and causes the 
engine to revolve backwards. All the joints are made very sub¬ 
stantial and should be case-hardened, while their pins should 
be of steel to prevent wear and obviate rattling. 

A lley'e Patent Flexible Coupling .—The engines being described 
were fitted with this invention, which allows the paddle shaft to 



Fags of Coupling. Longitudinal Section. 


accommodate itself to the yielding of the paddle boxes and the 
hull of the vessel as it vibrates and changes form when working 
in a sea-way. It is equally applicable to the Bhafbing of screw 
steamers. 1 The hull of a vessel cannot be made absolutely 
rigid, and therefore it is wrong to make the shaft rigid. With 



RI LIEF VALVES AMD DRAIN COOKS. 


393 


a rigid shaft and a flexible hull the result iB an enormous 
amount of friction in the bearings, which consumes power, and 
often causes the bearings “to fire.” Scarcely a month passes 
that we do not hear of some steamer breaking a main shaft, 
often to the danger of life and property, and this in many 
instates may be traced to a want of trueness in the line of the 
bearings, due to the vessel having warped from uneven stowage, 
. or from having encountered heavy weather. 

The coupling consists of a projection formed on the end of the 
jpaddle.shaft, PS, which is part of a ball, the centre of this 
projection being formed into a blunt point at ,p. This point 
rests hard against the crank shaft, 0 S, and transmits any 
thrust along the line of shafting. The outside of the projection 
is clasped by the coupling ring, 0, turned to fit the ball joint. 
This ring, 0, is made in halves (as may be seen by the end 
view), and is secured to the crank shaft by means of the driving 
bolts, t) B. The concave portion of this ring takes any pull 
that may come on the shaft along the line of shafting. The 
ends of tho driving bolts, DB, project as shown into holes 
in the paddle shaft, P S, and thus act as drivers. These 
projecting pins are made 2£ times the diameter of the bolts 
usually employed for main-shaft coupling flanges. These pins 
are slightly barrel-shaped in form, and made an easy fit for the 
holes in which they work. The holes are lined with hard steel 
bushes, S B, while the pins are case-hardened to prevent chafing 
and wearing away. It will be observed that there is a small 
space left clear between the paddle shaft flange and the coupling 
ring, 0, to permit of perfect up and down or side play, or 
un-linement between the crank and paddle shafts for the reasons 
already mentioned. 

Relief Valves .—On referring to the perspective view of tho 
engines, it will be seen that relief valves, R Y, are fitted not 
only to the front and back of the high- and low-pressure cylinders, 
but also to the back of the low-pressure Blide valve casing, for 
the purpose of preventing damage to these parts through water 
gathering in them. These relief valves consist of ordinary mush¬ 
room valves, held down by strong Bpiral springs, and adjusted to 
any desired pressure by hand wheels and screws, as shown. 

Dram Cocks , D 0, are fitted to the back of the high-preBSure 
slide valve casing, and to the bottoms of both cylinders. The 
pipes leading from them are all connected to the condenser. 
These cocks are opened before starting the engines, so as to clear 
away any water that may have resulted from condensation of 
steam, and also when the engines have to be stopped for any 
length of time. 
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Paddle-Wheels. —Having briefly described the different forms 
of engines used for driving paddle-wheels, we now naturally 
refer to the wheels themselves, leaving a description of the screw 
propeller until after we have noticed the styles of engines more 
particularly adapted to driving it. 

The efficiency of the paddle-wheel falls off when the wheel is 
too deeply immersed, consequently for long voyages, where the 
draught of the vessel decreases as it proceeds, due to consumption 
of coal. <fcc., if the wheels are to be immersed to the proper 
depth at the end of the voyage, they must of necessity be too*, 
deep at the beginning. This variable immersion of paddle-wheels 
is the most seriouB objection to their use for long voyages. Also, 
in a heavy sea the rolling of the vessel, besides causing the 
engines to race, induces unequal straining of the machinery, 
since one wheel lifts out of the water, while the other sinks 
fnore deeply in it Neither of these disadvantages is fqund in 
the screw propeller, for the screw is immersed considerably 
below the surface of the water, and since it is placed in the 
centre line of the ship, the rolling motion has no effect on it. 
The heaving of the ship in a fore and aft direction causes racing 
of the engines, but no unequal straining is set up. For short 
voyages, however, and where the draught is practically un¬ 
changed during the voyage, the paddle-wheel still holds its own 
with the screw, and for navigation in shallow rivers it is very 
valuable; the screw, in such a case, being quite unsuited, on 
account of its nearness to the bottom of the vessel. The vibrar 
tion set up by the motion of paddle engines also is not so great 
as that from the fast-running engines necessary for the screw 
propeller. 

Radial Paddle- Wheel .—This form of wheel is the simplest, 
strongest, least expensive, and least liable to derangement, but 
is also unfortunately the least efficient. It consists of radial arms, 
which are attached to a cast-iron boss at the centre, and are 
bound at their outer extremities by one or two wrought-iron 
rings. Flat boards are fixed rigidly to these radial arms, parallel 
to the axis of the wheel, and are known as “ floats,” and it is 
the thrust or push which these boards or floats exercise upon 
the water as the wheel rotates, which propels the vessel The 
floats of a wheel of this kind, of necessity enter and leave the 
water in an oblique manner, and are only perpendicular to the 
surface of the water when they come immediately below the 
centre of the wheeL Therefore, since the pressure which a float 
produpes is perpendicular to its surface (i.e., perpendicular to 
the jpdius of the wheel), it is only when the floats are passing 
their lowest point, that the whole pressure they exert is utilised 
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in propelling the vessel ; in all other positions, it is only the 
horizontal component of the pressure which exercises any pro¬ 
pelling effect, and the greater the obliquity of action, the less is 
this horizontal component. A large proportion of the power 
spent in driving paddle-wheels of this form, is wasted in beating 
and Skurning the water with the floats, when these are in 
positions on either side of the vertical line through the centre. 
The deeper the immersion of the radial paddle-wheel, and the 
smaller its diameter for a given depth of immersion, the greater 
„is the obliquity of action, and therefore the greater is the Iosb of 
efficiency. 

Radial wheels are sometimes made in such a way that the 
floats can be quickly detached and fixed in positions nearer the 
centre of the wheel. This is advantageous, when from an 
increased load, the draught of the vessel becomes greater, thus 
causing^ greater immersion of the paddle-wheels, since then thw 
diameter of the wheel is reduced, and thus by reducing the 
immersion of the floats, diminishes the loss from oblique action. 
This operation is known as reefing the paddle-wheels. 

Radial wheels, double the diameter of feathering ones, are 
about equal in efficiency, but then the engine is quite twice as 
heavy. See American Engine. 

feathering Paddle-Wheels .—This form of paddle-wheel, as 
illustrated, is designed with the object of getting rid of the dis¬ 
advantages which arise from the obliquity of action of the radial 
wheel. 

The floats are not fixed rigidly to the radial arms, but are 
hinged to them, and are provided with levers, G L, so that they 
may be turned into any position. These levers are connected 
by rods to a boss or eccentric strap, E, which rotates on a central 
fixed pin on the sponson beam. This central pin is so placed in 
relation to the centre of the wheel, that the floats enter the 
water edgewise, and when in the water, are kept by the levers 
in a position nearly perpendicular to its surface. The radial 
arms of the paddle-wheel, F, are forged with small brackets on 
them at right angles to their lengths, so as to receive the round 
pins about which the floats hinge. 

To find the position of the eccentric pin in order that the 
floats iriby enter the water edgewise, and pass through it nearly 
perpendicular to its surface, the following simple construction is 
necessary:—Suppose the lower edge, P, of a float to be just 
entering the water, then, in order that the float may enter edge¬ 
wise, the resultant of its own velocity of rotation aiql the 
horizontal velocity of the vessel, must lie in the plane of the float.. 
Let, P A, represent the velocity of the vessel, and, P B, that of 
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the wheel (drawn tangential to a circle which has, 0, as centre, 
and passes through, P), then, completing the parallelogram/P R 


I 



Paddle-Wheel with Feathering Floats 
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is the resultant, and the plane of the float must contain P R. 
Produce, R P, to cut the vertical through the centre, 0, at, Aj, 
and at right angles to the line, R A 1 (which is the line of the 
float); lay off, H G, equal to the distance from the face of the 
float to the centre of the hinge, and, G L, equal to the length of 
* the, lever. Now set off in outline another float immediately 
under the centre of the wheel, with its face perpendicular to the 
'surface of the water, and having the end of its lever at M. 
With,< M, and, L, as centres, and radius equal to, G 0, describe 
arcs intersecting at, E, then, E, is the centre of the eccentric 
. .-pin* • Having thus determined the position of, E, the complete 
wheel may be drawn down and the proper pitch given to the 
floats. In actual practice the probable slip of the paddle-wheel 
has to be taken into account, and, therefore, a smaller circle than 
that with radius, C G, will be the rolling circle. The floats must, 
therefore, be so adjusted by moving the eccentric, E, that when 
entering and leaving the water they shall point to a position 
on the vertical centre line, considerably higher than the point, 
Aj, as shown by the right-hand figure. It is, however, advisable 
to make the floats enter the water a little flatter than the 
position so calculated for the assumed amount of slips, in order 
that the pressure of the water shall not come on the forward 
side of the floats. The speed of the paddle-wheel and of the 
ship should be carefully compared on the trial trips, and the 
eccentric shifted, if need be, until the best results are obtained. 
A considerable increase of speed of certain ships has been 
recorded by thuB finding the most suitable place for the feather¬ 
ing eccentric. 

The feathering paddle-wheel, although much more efficient 
than the radial wheel, is more liable to derangement, since any 
accident to the feathering apparatus would paralyse the action of 
the entire wheel For this reason it did not find general favour 
when first introduced, but now it is almost universally adopted. 
It requires to be made specially strong, and all the pins and 
wearing parts should be cased with braBS to prevent corrosion. 
The boss or eccentric, E, which carries all the rods for feathering 
the floats, runs loose on the fixed eccentric pin, and Is turned 
round by one specially strong rod, known as the driving or king 
rod, Bhown at L E. The floats for large paddle-wheels are now 
frequently made of steel and curved slightly concave, )—■* 
towards the direction of meeting the water when steaming 
ahead. 
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Lecture XXL—Questions (Continued). 

' © 

1. Sketch and describe by an index of parts, a side and an end view of 
tile general arrangement of diagonal direct-acting engines, as fitted into, a 
river passenger steamer, including the boiler. - 

2. Why are compound-diagonal direct-acting engines preferred to 
oscillating or other kinds of engines for shallow river padd^e&wheel 

3. Sketch and describe by an index of parts, side views and a plan of a 

compound direct-acting diagonal engine. * 

4. Sketch and desonbe by an index of parts, Joy’s valve gear, pointing 

out its advantages and disadvantages as compared with eccentrics-ana 
link-motion. . *. 

5. Steamer main shafts often break, or their bearings give trouble by 
heating, account for this, and describe a plan or planB for alleviating this 
eviL 

6. Sketch and describe a simple radial paddle-wheel. For what reasons 
has this form of wheel been abandoned ? 

7. Sketch and describe, by an index of parts, a modern feathering float 
paddle-wheel. What advantages has it over the older form of,, paddle- 
wheel? 

8. Describe how you would design and construct the arms, floats, and 
feathering arrangements for a paddle-wheeL 

9. Describe, with suoh sketches as you think necessary, some method 
of constructing a paddle wheel with feathering floats. Why has Buchanan’s 
method, of causing the floats to dip into the water vertically, not been 
adopted in practice ? 

10. Desonbe Stephenson’s link motion and Joy’s radial valve gear, and 
explain precisely the effect of “screwing” or “notohing” up in each 
case. Sketch the indicator cards in order to illustrate your remarks. 
(0. k G., 1902, H., Sec. B.) 
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CONTINUATION OF LECTURE XXI. 

Contents. —Early Invention of the Screw Propeller—Geared Engines— 

• Penn’s Trunk Engine—Maudslay’s Return Connecting-rod Engine— 
Horizontal Direot-Acting Engine—Vertical Direot-Acting Engines 
\—Questions. 

Early Invention of the Screw Propeller. — As we remarked 
, before,, when reviewing the early history of the marine engine 
prior to the beginning of this century, Daniel Bemouilli invented 
in 1752 a screw propeller which he proposed to drive by a steam 
engine, and John Fitch experimented with a little screw steam¬ 
boat on the “ Collect ” Pond, New York, in 1796. In 1804, 
Colonel John Stevens of Hoboken, America, completed a steam¬ 
boat 68 feet long, and 14 feet beam, which he fitted with a watejr 
tubulaf boiler, and a direct-acting high-pressure condensing 
engine, having a 10-inch cylinder of 2 feet stroke, driving a screw 
with 4 blades, and of a form which even at the present day 
appears quite good.* 

A model of his boiler, engine, and screw, is preserved in the 
Mechanical Engineering Lecture Room, at the Stevens’ Institute 
of Technology. In 1805, Stevens built another boat, introducing 
twin screws. Several other engineers proposed, and some of them 
tried, screw propulsion, but it was not brought into general uBe 
until John Ericsson, a Swedish engineer residing in England, 
and E. P. Smith, an English former, perfected and pushed its 
introduction in Great Britain, and in America, in 1836-37. 

Geared Engines.—Within a few years from this date, the style 
and speed of steamship engines became entirely altered from 
what had been used in connection with the paddle-wheel ; yet, 
engineers naturally tried at first to adapt the then existing forms 
of paddle-wheel engines to drive the screw. The screw has, how¬ 
ever, to be run at many more revolutions per minute than the 
paddle-wheel, and since engineers in those days regarded any¬ 
thing over 200 feet per minute of piston speed as dangerous, or 
likely to derange their machinery, they preferred to get up the 
necessary speed by gearing. Thus, beam, side-lever, oscillating, 
and some of the various other forms of engines already mentioned 
in Lecture XX., were made to do duty in driving the screw 
propeller by means of stepped cog-wheels. Shortly after the 
successful commercial introduction of the screw as a propeller for 

* See Prof. Thurston’s History of the Steam Engine. r 
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merchant ships, the Admiralty were induced to build two sMp6 of 
the same model and size, viz., the Rattler and the Alecto, fitted 
with engines of the same power, but the former was provided 
with a screw, and the latter with paddle-wheels. A series of 
competitive trials were made with these two vessels, and the' 
great success of the Rattler so satisfied the Admiralty and all 
engineers of the advantages possessed by the screw, that very 
soon came to be generally adopted for ocean-going steamers. By 
gradual steps and improvements in the arrangement, and con¬ 
struction of the machinery, direct-acting fast-speed engineB 'were 
adopted, until nowadays a piston speed of 700 feet per minute 
is not uncommon. 

We now propose to briefly notice a few of the most successful 
styles of screw-driving engines before explaining the screw itself, 
and in a future lecture we shall describe in full detail a set of 
compound inverted cylinder vertical engines. In the navy, where 
the machinery has to be placed below the water line, the three 
principal types of horizontal engines that have in turn'’found 
favour with the Admiralty, are—(1) Trunk, (2) Return Oonnect- 
ing-rod, and (3) Horizontal direct-acting. In the merchant 
service, the vertical inverted-cylinder direct-acting engine has 
been generally adopted for the last thirty-five years. 

Penn’s Trank Engine. —The difficulty of obtaining a sufficiently 
long stroke from the direct-acting horizontal engine in the case of 
a man-of-war, where the engines had to be placed as near the 
keel of the ship as possible, was solved by Mr. John Penn of 



Greenwich. He hinged the connecting-rod direct to the centre 
of the piston by means of a gudgeon, surrounded by a brass 
cylindrical case or trunk, concentric with the steam cylinder, as 
seen in the following figure. This trunk was fixed to the 
piston, and protruded from each end of the cylinder through 
stuffing boxes, thereby not only giving additional support to the 
piston, ‘but also permitting access for oiling the gudgeon 3 ML 
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connecting-rod end, and preserving an equal area to the pressure 
of the steam on both sides of the piston. 

Seaton, in his Manual of Marine Engineering , Bays—“This 
engine is the lightest and most compact of all the forms of 
^marine screw engines, when constructed of the same materials; 
and for large sizes with the lower steam pressures, has been 
unsurpassed by any other type of engine. The length of stroke 
is considerably more than that of the ordinary direct-acting 
engine, and the connecting-rod much longer than that of any 
other form, being from two and a. half to three times the length 
of th'e stroke; the weight of the piston is taken by the trunks in 
a great measure, and there are no piston-rod guides. But with 
the increase of pressure the defects of this form become more 
apparent, and lie with the very part that distinguishes it—viz., 
the trunk. 

“ The friction of the large stuffing-boxes is very great; in fqct, 
may J?e so great by unduly tightening the glands as to Btop the 
engine. The loss of heat from the large surface of the trunks 
being alternately exposed to steam and to the atmosphere, is 
very great, as is also that from their inner surfaces. The 
gudgeon brasses are exposed to a very high temperature and 
liable to become heated, and when heated cannot easily be 
cooled, as from their position they are not readily adjusted.” 

Penn arranged his engine so that the direction of motion of its 
crank when going ahead caused the thrust of the connecting-rod 
to be upward, and thus, as far as possible, to relieve the bottom 
of the cylinder from the tear and wear due to the weight of the 
piston. Some of the largest and most powerful ships in the 
British Navy have been engined with this Trunk form, such as— 
H.M.S. Neptune, 90001.H.P., H.M.S. Sultan, Hercules, Minotaur, 
Northumberland, Warrior, Black Prince, Devastation, <kc.* 

Mandalay's Return Connecting-Rod Engine.—Another modi¬ 
fication of the horizontal engine, or rather of the old steeple 



,w A number of these ships have been re engined with more modern typeu 
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form t is that known as the return conneeting-rod, by whicb^Me 
same' object is attained as in the last type, viz., a sufficiently 
long stroke and connecting-rod in the narrow cramped space of the 
hold of a vessel. The general arrangement will be at once 
understood from the preceding figure. ' * * 

By the above design, the cylinder may be got close up to the 
turning range of the crank pin and connecting-rod head, th$t a 
longer stroke is obtainable than by any other plan of horizontal 
engine arrangements. The difficulty in small engines of getting 
in a small high-pressure cylinder alongside of the larger low- 
pressure one (with the object a? compounding the engines), owing 
to the necessity for two piston-rods from each cylinder clearing 
the crank shaft, is overcome in most instances by placing the 
high-pressure cylinders immediately behind the low-pressure 
ones—tandem fashion—with one piston-rod only, protruding 
from behind each of the low-pressure cylinders, and attached to 
the high-pressure piston. The chief objections urged against 
this form of engine are—(1) The double piston-rods from the'front 
ends of both cylinders ; this entails double the number of 
stuffing-boxes, and the keeping of the crank shaft bearings from 
being close to the crank arms. (2) The eccentric-rods are also 
of necessity very short, unless placed, as is sometimes done, on 
the same side as the connecting-rod. The first engines of H.M.S. 
Monarch and Raleigh were of this type, and had four piston-rods 
to each cylinder. 

Horizontal Direct-Acting Engine. —This form of engine having 
its connecting-rod directly between the piston-rod crosshead 
(on the cylinder Bide) and the crank is certainly the simplest and 
most convenient type for a gun-boat or large naval vessel, where 
sufficient room can be obtained. Most of the late Admiralty 
orders are being constructed on this plan, e.g., the Australia 
and Galatea by Messrs. Bobert Napier & Sons, and the six 
ships of the Scout and Archer class* by Messrs. J. <fc G. Thomson 
of Clydebank. 

They have the same essential parts, and work on the same 
principle as the compound inverted-cylinder engines which we 
shall describe in Lecture XXII .; and we only omit explaining 
and illustrating their distinctive features and details from want 
of time, space, and diagrams at our disposal. 

Vertical Direct-Acting Engines. —The simplest form of marine 
engine used for small tug-boats and for steam launches at the 
present time, is that of the compound inverted-cylinder non¬ 
condensing type. The following illustration shows the general 

* * Vor perspective views and a description of the Scout's engines, see 
The Engineer, December 18, 1886. 
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• 

dH^tgement ol one of a pair of these small engines manufactured 
by Messrs. Alexr Shanks <fc Son, of Arbroath; from which it 
wxU^jje seen, that the high and low-pressure cylinders are 
supported at the back upon two cast-iron columns, and at the 
front* by two wrought-iron stanchions. All four supports are 
fixed to a strong cast-iron sole-plate, which is bolted to the 
ship’s floors. The back columns form the guides for the cross- 
heqds of the piston-rods. The valve casings are placed on the 



Shane’s Compound Non Condensing Engine. 


fore and aft ends of the cylinders, whioh admits of the slide 
valves being readily inspected and adjusted. The slide valves 
are worked and reversed by the ordinary double eccentrics with 
link-motion. A boiler feed-pump is worked from one exfd of the 
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crank* shaft, an£ a bilge-pump from the other end^ofch^Spt^f 
driven by eccentrics, <fco., as shown. The whole of the 
moving parts at# easily got at for oiling and fowidjustmeiR, fed 
all wearing parts are arranged so that the wear and tear may be • 
readily taken up It w ill be observed that the upper ends of 
both connecting-rods are provided with piojecting pins on tl^ir 
inner ends. This is for the purpose of working air and cirojlat- 
ing pumps by meanB of levers, should it be found desirable to 
work the engines as condensing engines, in which case, a suwca- 
condenser is placed separate* from them m some convenient 
corner of the engine-room. The speed of these engines ^arietf 
from 230 to 300 revolutions per minute. 


Lecture XXI —Questions ( Continued ). 


I 


1. On the introduction of the sciew as a ship’s propeller geared epgmes 
were at first adopted, why* What advantages have duect acting over 
gearod engines * 

2 Skotch a section, through the cylmdei, air pump, and condenser of 
Penn's trunk engine Descube generally the arrangement of the engine, 
and show the connection of the piston with the serow shaft Why is this 
style of engine being discontinued in the Navy ? 

3 Describe, with a sectional sketch, Maudsla} ’s return connecting rod 
engine, and point out its advantages, and disadvantages. In what class of 
ships are Maudslay’s and Penn’s horizontal engines used, and why * 

4 What style and arrangement of engine is now beuig chiefly ordered by 
our Admiralty, and why ? 

5. How would you arrange the cylinders for compounding a pair of 
simple condensing Maudslay’s return connecting rod engines ’ 

6 Give a general outline freehand sketch, with concise description, of a 

pmr of inverted cylinder compound non condensing engines For what 
classes of ships is this style of engmo suitable, and why * I 

7 Sketch and descube an esoape valve as fitted to the cylinder of a 
marine engine. Why is such a valve reqyied, and where is it placed ’ 








